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FOREWORD 


This  report  is  one  of  several  provided  by  the' Mellonics  Systems  Develop¬ 
ment  Division  of  Litton  Systems,  Inc.,  to  the  Army  Research  Institute  for  the 
Behavioral  and  Social  Sciences  (ARI)  under  Contract  DAHC  19-77-C-OOl 1 . 

ARI  Research  in  marksmanship  training  systems  development  is  conducted 
as  an  inhouse  effort  augmented  by  contracts  with  organizations  selected  as 
having  unique  capabilities  for  research  in  the  area.  The  Mellonics  effort 
supports  the  Training  Effectiveness  Analysis  (TEA)  research  being  conducted 
by  the  Fort  Benning  ARI  Field  Unit  involving  the  effectiveness  of  training 
for  basic  rifle  marksmanship  skills.  Previous  TEA  efforts  have  resulted  in 
eight  reports  pertaining  to  marksmanship. 

This  effort  provides  data  concerning  the  performance  quality  of  typical 
service  rifle/ammunition  combinations  and  compares  theoretical  information 
with  the  actual  performance  of  typical  service  rifles.  Simplified  and  more 
efficient  techniques  of  teaching  basic  marksmanship  skills  are  tested  and 
the  relative  contribution  of  various  fundamental  factors  to  shooting  perfor¬ 
mance  are  investigated. 

The  research  was  coordinated  with  the  United  States  Army  Infantry 
School,  the  prooonent  agency  for  M16A1  rifle  marksmanship  training  program 
development . 

Appreciation  is  extended  to  the  U.  S.  Army  Marksmans ip  Training  Unit 
for  making  test  facilities  and  personnel  available  to  support  this  test. 

The  project  was  conducted  as  part  of  Army  Project  2Q763743A773 ,  FY  78 
and  FY  79  Work  Program.  It  was  directly  responsive  to  the  requirements  of 
FORSCOM,  USAIS  and  TRADOC. 


ADEQUACY  OF  M16A1  RIFLE  PERFORMANCE  AMD  ITS  IMPLICATIONS  FOR  MARE8MAM8B1P 
TRAINING 

BRIEF 


Requirement : 

To  determine  the  quality  of  firing  performance  for  the  typical 
M16A1  rifle  and  teat  theoretical  training  and  ballistics  information. 
To  develop  a  better  understanding  of  the  Man/Weapon  interface  and 
develop  simplified  and  improved  training  procedures. 


Procedure: 

Research  objectives  were  organized  into  nine  different  firing 
tests.  During  the  period  7  March  to  13  April  1979,  some  5000  rounds  of 
anmunition  were  fired  through  60  M16A1  rifles  at  Fort  Benning,  Georgia. 


Findings: 

The  typical  M16A1  rifle  is  capable  of  effectively  engaging  personnel 
size  targets  out  to  a  range  of  300  m  when  standard  serviceability  checks 
are  augmented  with  firing  tests  to  assure  weapons  quality.  Theoretical 
information  pertaining  to  zero  procedures  and  bullet  trajectory  is 
accurate.  Using  the  long  range  sight  and  adjusting  bullet  impact  to 
point  of  aim  at  25  m  produces  a  250  m  battle  sight  zero.  This  procedure 
also  provides  for  meaningful  skill  practice  on  the  25  m  range.  The 
rimrire  adapter  is  not  adequate  for  attaining  a  weapons  zero  and  results 
in  an  increased  shot  group  size.  Various  types  of  external  stress  on 
the  rifle  (hasty  sling,  bipod,  etc.)  have  a  significant  effect  on  the 
strike  of  the  bullets.  Some  forms  of  firer  error  currently  receiving 
emphasis,  e.g.,  sight  misalignment,  have  minimum  effect  on  the  strike  of 
the  bullet. 


Utilization  of  Findings: 

The  information  in  this  report  is  totally  applicable  to  all  M16A1 
rifle  marksmanship  programs  and,  to  some  degree,  all  marksmanship 
programs.  It  should  also  be  of  interest  to  the  proponent  of  the  rimfire 
adapter  and  personnel  responsible  for  establishing  ammunition  quality 
control  standards  or  serviceability  procedures  for  the  service  rifle. 
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ADEQUACY  OF  M-16A1  RTFLE  PERFORMANCE 
AND  ITS  IMPLICATIONS  FOR  MARKSMANSHIP  TRAINING 

INTRODUCTION 


Since  its  adoption  as  the  standard  service  rifle,  the  M-16  has 
been  subjected  to  considerable  criticism  concerning  its  reliability 
and  performance  capabilities.  The  purpose  of  this  current  effort 
was  to  determine  the  accuracy  and  performance  characteristics  of 
the  typical  M-16  rifle  currently  in  the  hands  of  the  basic  trainee 
and  to  examine  trajectory  information  and  current  training  procedures. 
The  U.  S.  Army  adopted  the  TRAINFIRE  concept  of  rifle  marksmanship 
in  the  late  1950's.  This  program  resulted  from  the  recognition  of 
the  importance  of  training  transfer,  i.e.,  the  transfer  of  skills 
learned  in  training  to  those  used  in  combat.  The  initial  TRAINFIRE 
program  was  designed  for  maximum  rapid  transfer  of  shooting  skills 
to  combat  conditions.  The  basic  concept  of  TRAINFIRE  has  changed 
little  since  its  adoption?  however,  the  amount  of  time  allowed  for 
the  training  program,  the  time  devoted  to  marksmanship  fundamentals , 
the  procedures  to  provide  downrange  feedback,  and  the  allocated 
training  ammunition  have  varied  significantly.  In  general,  the 
trend  has  been  to  allocate  fewer  hours  and  rounds  to  each  phase  of 
training.  Current  programs  place  limited  emphasis  on  marksmanship 
fundamentals  and,  except  for  the  initial  25  meter  firing  for  zero, 
no  precise  feedback  of  downrange  results  is  provided  in  the  program. 

A  37-hour  Program  of  Instruction,  published  by  the  Infantry 
School  in  April  1977,  currently  provides  guidance  to  all  Army  Train¬ 
ing  Centers  conducting  basic  rifle  marksmanship  training. 

Litton-Mellonics,  under  contract  to  the  Army  Research  Institute 
(ARI) ,  is  supporting  the  Training  Effectiveness  Analysis  (TEA)  re¬ 
search  being  conducted  by  the  Fort  Benning  ARI  Field  Unit  involving 
the  effectiveness  of  training  for  basic  rifle  marksmanship  skills. 
Research  efforts  under  the  current  contract  have  resulted  in  eight 
reports  which  address  a  broad  spectrum  of  marksmanship  fundamentals. 

This  report  addresses  marksmanship  training  variables  associated 
with  the  rifle  and  established  training  procedures.  There  are  three 
basic  elements  that  determine  shooting  accuracy  -  the  rifle,  the 
ammunition,  and  the  soldier.  To  develop  marksmanship  fundamentals 
that  emphasize  the  factors  critical  to  good  shooting  and  to  establish 
realistic  marksmanship  standards  for  the  soldier,  reliable  informa¬ 
tion  is  required  concerning  the  peculiarities  of  the  M-16  rifle  and 
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th«  capability  of  the  riffle/anerunition  combination  available  to  the 
typical  trainee.  The  M-16  rifle  is  not  used  by  competitive  shooters 
and  the  absence  of  downrange  feedback  in  the  standard  instructional 
program  contributes  to  a  general  lack  of  knowledge  concerning  the 
performance  of  the  M-16  bullet  at  ranges  beyond  25  meters.  Most  of 
the  firing  performance  data  available  is  based  on  theoretical 
computations  or  is  based  on  firings  through  test  barrels  or  with 
weapons  in  'like  new'  condition.  No  reliable  data  was  available 
which  provided  the  required  information  on  the  performance  capability 
of  the  typical  M-16  rifle  used  by  trainees  in  Army  Training  Centers. 


OBJECTIVES 

The  development  of  a  new  Basic  Rifle  Marksmanship  (BRM)  Program 
of  Instruction  (POI)  required  definitive  answers  to  several  ques¬ 
tions  concerning  weapons  quality  and  the  accuracy  of  established 
procedures.  The  following  objectives  were  selected  and  organized 
into  nine  tests  to  provide  the  required  data: 

o  Determine  the  serviceability  and  accuracy  of  a  large 
sample  (60)  of  typical  M-16A1  rifles  used  by  basic 
trainees.  Select  a  smaller,  representative  sample 
(6  to  9)  of  weapons  for  use  in  subsequent  tests. 

o  Confirm  the  current  250  meter  battle  sight  zero  pro¬ 
cedure  (adjusting  the  center  of  the  shot  groups  to 
2.4  centimeters  below  point  of  aim  at  25  meters) . 

o  Test  a  new  procedure  for  obtaining  a  250  meter 
battle  sight  zero  at  25  meters  (using  the  long 
range  sight  and  adjusting  the  center  of  shot  groups 
to  point  of  aim  at  25  meters) . 

o  Confirm  trajectory  information  for  150,  250,  and 
300  meters. 

o  Compare  the  firings  of  .22  caliber  ammunition 
utilizing  the  rlmfire  adapter  with  the  firing  of 
service  ammunition. 

o  Evaluate  the  effects  of  external  stress  on  the 
rifle  (hasty  sling,  bipod,  etc.). 

o  Evaluate  the  effects  of  various  firer  errors  on  the 
placement  of  shots  (eye  relief,  sight  alinement, 
cant,  etc.). 
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o  Evaluate  the  effects  of  hard  trigger  pull  and 
target  type  (standard  Canadian  bull  vs.  scaled 
silhouette)  on  the  firing  performance  of  trainees. 


GENERAL  PROCEDURES 


The  live  firing  tests  reported  herein  were  conducted  at  Fort  Den¬ 
ning,  Georgia,  during  the  period  7  March  to  13  April  1979.  Each  test 
report  includes  details  of  the  procedure  for  that  particular  test, 
but  the  following  details  pertain  to  all  tests. 

Military  5.56  ball  ammunition,  M-193,  Lot  LC-2-421,  was  used  in 
all  tests.  The  Small  Arms  Quality  Manager  and  the  Quality  Assurance 
Procedures  Branch  Chief,  Lake  City  Army  Ammunition  Plant,  stated  that 
this  was  a  representative  lot  of  ammunition.  Hie  acceptance  data  for 
the  lot  of  ammunition  is  included  as  Appendix  A. 

Weather  information,  including  temperature,  humidity,  and  baro¬ 
metric  pressure,  was  recorded  during  each  test.  However,  for  the 
target  ranges  used,  correcting  the  ballistic  coefficient  on  the  basis  of 
atmospheric  conditions  was  considered  as  having  little  effect  on  the 
test  outcomes  since  other  variables  or  potential  sources  of  random 
variability  (e.g.,  sighting  error)  were  thought  to  exert  much  more  in¬ 
fluence  on  firing  performance.  Moreover,  most  comparisons  were  made 
within,  rather  than  across,  tests,  so  it  is  highly  unlikely  that  such 
a  correction  would  have  measurably  influenced  the  overall  results. 

Although  the  effect  of  wind  on  bullets  is  a  significant  variable, 
the  configuration  of  the  outdoor  test  facility  (Parks  Range)  precluded 
corrections  to  data  due  to  wind  effects.  Because  most  questions  of 
interest  in  these  tests  related  to  variations  in  the  vertical  plane, 
the  results  focus  primarily  in  that  dimension  of  bullet  placement  on 
targets.  Only  undex  controlled  conditions  of  wind  production  could 
the  effects  of  wind  have  been  adequately  measured.  This  consideration, 
coupled  with  the  absence  of  a  specifically  designed  downrange  wind 
velocity  measuring  system  at  Parks  Range,  precluded  either  the  study 
of,  or  correction  for,  wind  effects  on  bullets. 
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Finally,  the  results  are  reported  in  terms  of  mean  shot  group 
size  and  displacement  of  centers  of  shot  groups.  This  method  was 
chosen  for  two  reasons.  The  first  Is  because  the  statistical  com¬ 
parison  of  conditions  within  the  tests  requires  some  form  of  measure 
of  central  tendency.  In  some  cases,  empirical  data  were  compared 
to  theoretical  values  which  cannot  be  done  on  a  weapon-by-weapon 
basis.  In  all  cases,  however,  the  mean  of  a  shot  group  characteris¬ 
tic  was  chosen  as  a  representation  of  the  performance  of  the  group 
of  selected  rifles.  Since  the  weapons  formed  a  random  sample 
of  the  population  of  M-16A1  rifles,  the  mean  performance  was  regard¬ 
ed  as  the  best  estimate  of  that  performance  parameter  for  the  popu¬ 
lation.  In  other  words,  the  results  reported  can  be  interpreted  to 
mean  that  tha  best  guess  of  how  any  M-16A1  chosen  at  random  will 
perform  under  specified  conditions  is  the  mean  reported  below  for 
these  conditions. 

The  authors  recognize  the  limitations  of  average  performance, 
since  it  may  not  represent  the  actual  performance  of  any  given  weapon. 
When  averaged  data  are  felt  not  to  reflect  adequately  the  outcome  of 
a  test,  alternative  methods  of  displaying  the  results  are  employed. 

In  some  cases,  a  weapon-by-weapon  analysis  is  included.  Since  the 
authors  recognize  the  limitations  of  any  method  which  summarizes  a 
collection  of  individual  observations,  all  raw  data  are  included  in 
Appendices . 

All  photo  reproductions  of  25  m  zero  targets  in  this  report  were 
reduced  by  50%  after  cutting  away  target  portions  not  containing 
hits.  All  25  m  targets  are  the  actual  targets  fired  during  the  test. 
The  bullet  strikes  on  targets  at  greater  ranges  are  accurately  repre¬ 
sented  by  the  outline  of  an  "E"  type  silhouette.  When  a  bulls  eye 
target  was  used,  the  silhouette  has  been  added  to  assist  in  the  evalu¬ 
ation  of  weapon  performance. 
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TEST  1:  ACCURACY  AND  SERVICEABILITY 


The  objective  of  Test  1  was  to  select  a  representative  sample 
of  M-16A1  rifles  issued  to  trainees  by  using  standard  Army  service- 
ability  test  procedures  and  live  firing  tests. 


PROCEDURE 

Selection  of  the  sample.  Two  sources  of  M-16A1  rifles  currently 
in  use  at  Fort  Banning,  Georgia,  were  used  for  testing.  The  first 
was  the  Kelley  Kill  weapons  pool  containing  a  total  of  approximately 
2,000  M-16A1  rifles  that  are  issued  to  or  used  in  support  of  resident 
student  classes.  On  the  day  selection  was  made,  302  rifles  were  avail¬ 
able  from  which  30  were  chosen  at  random.  The  second  source  of  weapons 
was  the  arms  room  of  C  Company,  7th  Battalion,  let  Advanced  Individual 
Training  Brigade,  which  contained  approximately  250  weapons.  Of  the 
weapons  available  the  day  selection  was  made,  30  were  chosen  at  random. 

All  sixty  weapons  were,  selected  by  the  authors  without  considera¬ 
tion  of  any  identifiable  rifle  characteristic .  Noteworthy  are  the 
facts  that  weapons  pool  and  arms  room  personnel  could  not  identify 
"good"  or  "bad"  weapons  when  requested  to  do  so,  nor  did  any  personnel 
attempt  to  influence  the  choice  of  weapons.  Since  records  of  how  long 
weapons  have  been  in  service,  or  the  amount  of  ammunition  they  have 
fired,  are  not  maintained  locally,  no  definitive  information  on  usage 
was  available.  However,  C  Company  personnel  stated  their  rifles  had 
gone  through  three  training  cycles  since  being  reconditioned.  Some  of 
the  Kelley  Hill  weapons,  as  indicated  by  the  worn  finish  and  old  type 
(open)  flash  suppressor,  had  been  in  continuous  service  for  several 
years.  The  sixty  teat  weapons  were  secured  ir.  the  arms  room  of  the 
United  States  Army  Marksmanship  Unit  (AMU)  throughout  the  testing 
period. 

Bench  Tests.  The  following  data  were  recorded  for  each  weapon; 
serial  number,  manufacturer,  local  source  of  weapon,  and  type  of  flash 
suppressor.  Utilizing  the  direct  and  general  support  test  gages,  each 
weapon  was  checked  for  barrel  straightness  (Gage,  Straightness:  Barrel 
Bore  FSN  4933-221-9391),  proper  head  space  (Gage,  Headspace  FSN  4933-070- 
7814)  and  bore  erosion  (Gage,  Barrel  Erosion  FSN  4933-912-3409)  by  ex¬ 
perienced  AMU  personnel.  The  AMU  device  for  determining  the  pressure 
required  to  pull  the  trigger  (a  crooked  rod  with  removable  weights  which 
is  placed  on  the  trigger)  was  used  to  cneck  trigger  pull  to  the  nearest 
half  pound. 
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Following  the  final  selection  of  nine  weapons  as  described  below, 
AMU  personnel  measured  bore  diameter.  This  was  accomplished  by  pour¬ 
ing  a  liquified  metal  mixture  into  the  chamber  end  of  the  barrel, 
allowing  the  mixture  to  harden,  and  removing  it.  The  plug  was  then 
measured  with  a  micrometer,  resulting  in  a  measure  of  bore  diameter 
approximately  5  cm  from  the  chamber. 

Following  the  completion  of  all  firing  tests,  the  nine  weapons 
were  inspected  by  personnel  of  the  Fort  Benning  Diroct/General  Support 
Small  Arms  Repair  Shop.  Three  mechanical  checks  were  repeated:  barrel 
straightness,  head  space,  and  bore  erosion.  Additionally,  the  weapons 
were  checked  with  the  muzzle  erosion  gage  (Gage,  Muzzre  Erosion  FSN 
5220-155-4925)  . 

Firing  Tests.  Live  fire  tests  were  conducted  at  Parks  Range,  Fort 
Benning,  Georgia,  an  outdoor  weapons  test  facility  maintained  by  the 
United  States  Army  Marksmanship  Unit  (AMU) .  Each  weapon  was  placed  in 
a  rifle  cradle,  a  heavy  visa-like  mechanism  which  secures  the  rifle  at 
the  butt  and  forward  sling  clip.  Five  rounds  were  fired  to  settle  the 
weapon  before  a  final  tightness  check  of  the  rifle.  A  thrse-round  shot 
group  was  fired  at  a  target  placed  25  meters  from  the  muzzle.  Muzzle  ■ 
velocity  was  measured  with  an  Oehler  Research  Chronograph  (Model  33)  as 
specified  by  the  manufacturer's  instructions.  All  cradle  tests  were 
conducted  by  an  AMJ  weapons  test  expert.  Subsequent  to  the  cradle 
firing,  the  weapons  were  fired  by  two  individuals  with  competitive 
shooting  experience.  Each  firer  shot  three  rounds  at  an  ARI  zeroing 
target  (Appendix  B)  placed  at  25  meters.  All  individual  firer  shot 
groups  were  fired  from  the  prone,  unsupported  position.  Order  of  fir¬ 
ing  was  varied  systematically  to  counterbalance  the  effects  of  fatigue. 


RESULTS 


Shot  group  sizes  for  the  cradle  and  the  two  firers  were  recorded. 
Shot  group  size  was  defined  as  the  largest  center'- to-center  distance 
measured  on  pairs  of  the  three  bullet  holes.  One  weapon  was  eliminated 
because  of  a  weak  hammer  spring.  The  data  on  the  remaining  59  rifles 
are  included  &s  Appendix  C.  It  should  also  be  noted  that  the  mean  per¬ 
formance  of  Firer  1  was  considerably  better  than  Firer  2. 


Once  these  data  were  obtained,  a  second  selection  process  was  con¬ 
ducted  to  obtain  a  manageable,  but  representative,  subsample  of  rifles 
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for  further  tests.  Since  the  weapons  could  not  be  differentiated 
on  the  basis  of  bench  tests  which  all  weapons  passed,  the  selection 
criteria  were  limited  to  shot  group  sire,  mean  muzzle  velocity, 
standard  deviation  of  tnuxzle  velocity,  and  trigger  pull.  An  overall 
comparison  of  Kelley  Hill  weapons  with  AIT  weapons  revealed  a  higher 
mean  muzzle  velocity  for  the  AIT  weapons  (AIT:  3162  ft/sec;  Kelley 
Hill:  3136  ft/sec;  t^  -  3.16,  df  -  57,  two-tailed  £<  .003).  In  addi¬ 
tion,  the  AIT  weapons  evidenced  a  statistically  smaller  mean  shot 
group  size  (M  ■  1.79  cm)  than  the  Kelley  Hill  weapons  (M  *  2.43  cmj 
t  *  2.04,  df  ■  57,  two-tailed  £<  .05).  However,  the  apparent  rela¬ 
tionship  between  mean  muzzle  velocity  and  shot  group  size  was  not  sub¬ 
stantiated  when  the  two  variables  were  correlated  for  individual  weapons 
(r_  «•  .11,  £  >  .05)  .  Additional  Pearson  correlational  analyses  revealed 
no  statistically  significant  relationships  between  firer  shot  group  size 
(prone  unsupported)  and  trigger  pull  (£  =  -.15  and  r_  =  .03,  for  firers  1&2 
respectively,  both  two-tailed  £  >  .05)  or  between  the  standard  deviation 
of  muzzle  velocity  and  cradle  shot  group  size  (:r  <*  -.15,  two-tailed 
£  >  .05)  , 

Given  the  absence  of  a  definitive  pattern  of  interrelationships 
in  the  data,  the  final  selection  of  the  subsample  was  accomplished 
with  the  use  of  frequency  distributions  of  cradle  shoe  group  size, 
muzzle  velocity,  and  trigger  pull  (Figures  1,  2,  and  3) .  Since  sub¬ 
sequent  uetca  were  to  use  the  size  and  placement  of  shot  groups  as 
data,  the  primary  selection  criterion  was  shot  group  size.  Six  weapons 
were  chosen  which  represented  a  stratified  sample  of  the  distribution  of  59 
shot  groups  (Figure  1) .  Table  1  lists  the  choices,  together  with 
three  additional  weapons  chosen  as  spares.  Note  that  83%  of  the  weapons 
in  the  sariple  of  59  evidence  shot  group  sizes  in  the  range  from  .4  cm 
to  2,7  cm?  likewise,  5  of  the  6  weapons  (83%)  finally  selected  fired 
cradle  shot  group  sizes  in  that  range.  Weapon  No.  51  was  deliberately 
chosen  as  a  poor  weapon  to  complete  the  subsample.  The  final  choice 
of  the  six  weapons  was  influenced  to  a  lesser  degree  by  muzzle  velocity 
and  trigger  pull .  Weapons  choice  was  narrowed  so  that  the  final  sample 
fell  in  the  most  frequently  occurring  categories  of  muzzle  velocity 
and  trigger  pull.  As  nearly  aa  possible,  the  six  test  weapons  (plus 
the  three  spares)  reflected  differences  in  manufacturer.  Fort  Benning 
source  of  rifles,  and  the  type  of  flash  suppressor  (which  dates  the 
weapon  as  to  time  of  initial  issue  or  last  reconditioning) .  Descriptive 
statistics  of  the  final  subsample  are  summarized  in  Table  2.  Figure  4 
shows  photo  reductions  of  the  actual  shot  groups  of  selected  weapons. 
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Figure  2.  Frequency  distribution  of  muzzle  velocity  for  sample  of  59  rifles. 
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Descriptive  Statistics  of  Selection  Criteria  of  Test  Weapons 


. . . 


WIT 


tn.rr-.  T— -r« 


CM 


H  U1 


'T  (N 


O  in  h 

H 

VO 

o 

Cft  (ft  rH 

IT» 

04 

*  •  * 

CM 

pH 

« 

M  CM 

CM 

m 

CO 

4) 

rH  OV 


W 


Ul  *J*  Cl  VO  vO  d 


ro 

w 

O- 

CM 

O' 

o 

TT 

VO 

VO 

m 

o 

4 

« 

• 

CM 

rH 

• 

Ol 

CM 

ro 

CM 

cn 

00 

(U 


w 


cl  vO 

(N  Cl 


H  CO 

r-{  rr 


o  tn 

d  Cl 


H  t  n 
iH  VC 
•  •  • 
MHO 


I  ffv  O 

I  01 

I  H 

I  ci  r-~ 


•H 

X  <u 


*3  >1 2 


sS  S3  isa 


*»  * 


H  Cl 


41 

H  M  lj 
1]  II  « 

«  5  m 

M  -ri  -H 
O  k  Pm 


a) 


I 


u 

.fl 


« 


M 

* 

3 

4) 

rH 

& 

0) 

0 

41 

•H 

H 

« 

o 

9* 

& 

+J  8 

3 

0 

Q  0 

(A 

41 

w 

£ 

O 

41 

CO 

H 

fl  N 

* 

3 

pM 

Q 

8  to 

Cm 

W 

12 


ibers  refer  to  the  nunber  of  rifles  in  each  category 
teral  Motors 


CRADLE 


FJRER1 


FIRER-2 


lie 


tm 


i£ii 


■■i 


!■! 


IBttl 


m 


iMafl 

mim 


il 


Siii'S 


raanaaM 


im 

!■■■■■■■■■■■ 


Ir*—i 


■■ 


\m 


iSRIII 

ibinbbi 


iui 

ill 


izmmisi 

iBBBB 


i  or: 


w\i 


VAX 


XW'Jli 


■■ 

JL. 


IkYI 


ibbubbbbubp* 

ibbbbpp&bbbi 

ibbSSSSSSI 


Ir'wjai 


>aai 


mi 

■SB 

uilLi/iJi 


II1BI 


I! 

if 


liSi 


iiaaaaaaa^a»aBi  awaaaaaajKaiaaa 

msmmsm 


Figure  4:  Shot  Group  Targets.  Firer  1  and  1  fired  from  prone 
unsupported  positions.  Note  the  large  groups  fired 
by  Weapon  51. 


13 


DISCUSSION 


Of  considerable  interest  is  the  finding  that  the  standard 
serviceability  checks,  muzzle  velocity,  and  trigger  pull  were  not 
correlated  with  shot  group  size.  Without  exception,  all  weapons 
passed  the  serviceability  checks.  This  speaks  well  for  direct 
support  and  general  support  maintenance.  However,  the  fact  that 
all  weapons  received  the  same  score  of  "Pass"  (on  a  Pass/Fail 
scale)  on  the  three  bench  tests  precludes  any  attempt  to  statis¬ 
tically  associate  the  bench  test  data  with  other  rifle  perform¬ 
ance  data. 

By  establishing  shot  group  size  as  the  measure  of  rifle  per¬ 
formance,  the  expectation  was  that  muzzle  velocity  and  trigger 
pull  would  emerge  as  major  variables  associated  with  differences  in 
shot  group  size.  Muzzle  velocity  was  expected  to  be  inversely  re¬ 
lated  to  shot  group  size  in  that  high  values  of  nuzzle  velocity 
would  be  associated  with  small  shot  groups.  Moreover,  muzzle  veloc¬ 
ity  and  its  variability  from  round  to  round  might  well  have  been 
indices  of  bore  erosion,  a  major  factor  of  rifle  age  and  usage.  A 
direct  relationship  between  trigger  pull  and  shot  group  size  was 
anticipated  to  emerge  from  the  data  to  reveal  heavy  trigger  pull 
associated  with  large  shot  groups  when  individuals  fired  from  un¬ 
supported  positions. 

The  lack  of  correlation  of  these  two  variables  with  shot  group 
size  may  be  related  to  the  fact  that  neither  variable  showed  a  wide 
range  of  values  in  the  sample.  However,  given  the  values  existing  in 
this  sample  of  rifles,  muzzle  velocity  and  trigger  pull  did  not  affect 
shot  group  size  at  25  meters. 

Of  considerable  concern,  however.  Is  not  only  the  problem  of  des¬ 
cribing  weapons  differences  on  the  basis  of  practical  physical  measure¬ 
ments,  but | also  the  problem  of  selecting  out  those  weapons  which 
would  result  in  the  average  trainee  failing  to  zero  the  weapon  or  to 
engage  field  fire  targets  effectively.  This  latter  problem  is  clearly 
Illustrated  by  weapon  51  which  fired  a  cradle  shot  grot?)  size  of  8.8 
cm.  None  of  the  physical  measurements  completed  in  Test  1  isolate 
this  weapon  as  a  poorly  performing  weapon.  Only  a  live  fire  teat — 
a  three  round  shot  group— identified  the  weapon  as  one  of  marginal 
utility. 

Aa  will  be  shorn  in  data  to  follow,  various  trends  in  performance 
emerged,  none  of  which  was  predictable  from  the  initial  standardized 
tests  performed  in  Test  1.  But  the  results  of  Test  1  dsaraistrate  that 
the  available  mechanical  checks  of  the  rifle  are  not  exhaustive  (i.e., 
others  may  need  to  be  developed) ,  nor  are  they  predictive  of  rifle 
performance . 
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TEST  2:  ZERO  PROCEDURES 


The  primary  objective  of  Test  2  was  to  demonstrate  the  accuracy 
of  the  current  250  meter  battle  sight  zero  (BSZ)  procedure.  The 
secondary  objective  was  to  examine  the  possibility  of  obtaining  a 
250  meter  BSZ  at  25  meters  with  the  use  of  the  long  range  sight. 

PROCEDURE 

Each  of  the  six  test  weapons  and  the  three  spare  weapons  was  tested 
from  the  cradle  throughout  Test  2.  After  the  rifle  was  placed  in  the 
cradle,  five  rounds  were  fired  to  settle  the  weapon  prior  to  making  final 
adjustments  to  secure  the  weapon.  The  placement  of  the  rifle  in  the 
cradle,  firings,  tightness  adjustments,  and  sighting  the  weapon  on  25  m 
and  250  m  targets  were  done  by  the  USAMU  weapons  test  expert  at  Parks 
Range.  Alinement  of  the  front  and  rear  sights  and  sight  adjustments 
also  were  done  by  the  weapons  expert.  However,  alinement  of  the  sights 
and  the  target  was  verified  for  each  firing  by  a  second  observer  with 
considerable  service  rifle  experience. 

Once  the  weapon  was  secured,  a  magazine  containing  5.56  mm  ball 
ammunition  was  fed  into  the  weapon.  Hie  sights  were  alined  with  the 
bottom  of  the  Canadian  bull  on  the  ARI  zeroing  target  (Appendix  6) . 

After  the  initial  three  round  shot  group  was  fired,  the  required  sight 
changes  were  made  and  recorded,  and  the  weapon  refired.  This  procedure 
was  repeated  until  the  center  of  the  shot  group  was  within  ±.l  cm  verti¬ 
cal  and  horizontal  distance  from  the  center  of  the  zeroing  circle  (i.e., 
until  the  weapon  was  zeroed  to  within  one  click  of  elevation  and  windage 
of  zero) .  The  center  of  the  shot  group  was  determined  by  taking  the 
arithmetic  mean  of  the  horizontal  displacements  of  the  rounds  from  the 
intended  point  of  impact.  Hie  average  vertical  displacement  of  the 
same  rounds  was  similarly  determined.  These  two  measures  provided  the 
rectangular  coordinates  of  the  center  (centroid)  of  the  shot  group. 
Intended  point  of  impact  was  defined  as:  (a)  the  center  of  the  zero¬ 
ing  circle  of  the  ARI  zeroing  target  when  engaged  at  25  m  with  the 
regular  sight,  (b) same  as  the  aiming  point  on  the  ARI  zeroing  target 
when  engaged  at  25  m  with  the  long  range  sight,  and  (c)  the  center  of 
the  innermost  ring  of  a  50  yard  standard  American  pistol  target  when 
engaged  at  250  m  with  the  regular  sight  (facsimile  at  Appendix  D) . 

With  the  weapon  zeroed,  the  25  m  target  was  removed  and  a  50  yard 
pistol  target  mounted  at  250  m  in  an  open  area.  Once  the  weapon  was 
reaimed,  a  five  round  shot  group  was  fired.  The  250  m  target  was  then 
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removed,  another  ARI  target  was  mounted  at  25  m,  the  long  range  sight 
rotated  up,  the  weapon  aimed  at  the  bottom  of  the  Canadian  bull,  and 
a  five  round  shot  group  fired.  During  neither  the  250  m  nor  second 
25  m  firing  phases  were  elevation  or  windage  changes  made  to  the  rifle 
sights.  However,  on  a  few  occasions,  a  25  m  or  250  m  target  was  re¬ 
fired  when  post-firing  checks  indicated  possible  sight  alinement 
errors  resulting  from  misadjustment  of  the  cradle. 

RESULTS 

The  principal  findings  are  shown  in  Table  3.  The  mean  shot  group 
sizes  (regular  sight  and  long  range  sight)  at  25  m  of  the  six  rifle 
test  group  were,  as  expected,  not  significantly  different  statistically 
(t  <  1) .  The  same  comparison  for  the  nine  weapon  test  group  yielded 
the  same  result  (t:  <  1)  .  A  comparison  of  mean  shot  group  size  at  25  m 
(regular  sight)  with  mean  shot  group  size  at  250  m  revealed  an  increase 
by  a  mean  factor  of  7.14  for  the  six  rifles  and  a  mean  factor  of  8.65 
for  the  nine  rifles.  Since  a  simple  geometric  interpretation  of  shot 
group  size  differences  implies  that  250  m  shot  groups  should  be  10  times 
the  size  of  shot  groups  at  25  m,  the  data  from  Test  2  were  used  to 
evaluate  this  theoretical  relationship.  In  order  to  do  so,  the  shot 
group  size  at  25  m  for  each. rifle  was  multiplied  by  10.  The  mean  of 
this  transformed  25  m  data  was  compared  to  the  mean  of  the  obtained 
250  m  shot  group  size.  For  the  six  rifle  sample,  the  difference  be¬ 
tween  "theoretical"  and  obtained  250  m  shot  groups  was  statistically 
significant,  t  «■  4.72,  df  -  3,  two-tailed  £  <  .01,  whereas  the  same 
comparison  for  the  nine  rifle  sample  was  not,  t  ■  1.37,  df  *  8,  two- 
tailed  £  >  .05.  In  all  but  one  of  the  nine  rifles,  10  times  the  25  m 
shot  group  size  was  greater  than  the  250  m  shot  group  size.  As  can  be 
seen  in  Table  3,  multiplying  the  25  m  mean  shot  group  size  (regular 
sight)  by  10  overestimates  the  mean  shot  group  size  at  250  m  by  at 
least  15%. 

Of  primary  concern  in  this  test  was  determining  whether  a  weapon 
zeroed  at  25  m  attains  a  battle  sight  zero  (BSZ)  for  250  m.  Table  3 
reveals  that  the  average  center  of  shot  groups  for  the  six  rifle  sample 
was  1.28  cm  above  intended  point  of  impact.  Adding  the  data  of  the 
three  spare  weapons  resulted  in  the  vertical  displacement  of  shot  groups 
to  average  3.57  cm  below  intended  point  of  impact.  This  disparity  was 
due  to  rounds  of  two  of  the  8 pare  weapons  hitting  three  to  four  times 
lower  than  those  of  the  other  weapons.  However,  assuming  vertical  dis¬ 
placement  of  the  point  of  bullet  impact  to  be  0  cm  from  the  point  of 
aim  at  BSZ,  the  average  vertical  displacement  of  neither  the  six  weapon 
group  (t  <  1)  nor  the  nine  weapon  group  {t <  1)  showed  a  statistically 
significant  departure  from  that  value.  An  inspection  of  the  individual 
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TABLE  3 


Mean  Shot  Group  Size  and  Horizontal  and  Vertical  Displacement 
of  Center  of  Shot  Groups  for  Test  2 


Sample 

Target  Range  & 

Mean  Shot 

Mean 

Shot  Group  Displacement 

Size 

Type  of  Sight 

Group  Size 

Vertical 

Horizontal 

25  m  Regular 

2.98 

.25 

+  .05 

(1.62) 

(.69) 

(.05) 

6 

250  m  Regular 

21.87 

+ 

1.28 

+  ,32 

(14.69) 

(7.08) 

(12.93) 

25  m  Long  Range 

3.50 

+ 

.43 

.13 

(1.84) 

(1.06) 

(.69) 

25 

m  Regular 

2.67 

.40 

+  .15 

(1.37) 

(.60) 

(.56) 

9  250  m  Regular 

22.65 

-  3.57 

+  2.66 

(13.23) 

(11.55) 

(11.24) 

25 

m  Long  Range 

2.98 

+  .06 

+  .37 

(1.71) 

(1.17) 

(.96) 

Note:  All  tabled  values,  except  range,  arc  in  centimeters.  Displace¬ 
ment  below  intended  point  of  impact  is  denoted  by  -.  Displace- 

ment  left  of  intended  point  of  impact  is  denoted  by  -.  Numbers 
in  parentheses  are  standard  deviations. 
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vertical  displacements  of  the  weapon*  (Appendix  E)  showed  that  six 
were  aeroed  to  within  one  click  (7  cm)  of  elevation  at  250  nw  The 
remaining  three  were  aeroed  within  the  range  of  1-1/2  to  3-1/2 
clicks  of  elevation  at  250  m.  As  can  be  seen  in  Table  3,  the  ver¬ 
tical  displacement  of  shot  groups  at  25  m  was  approximately  .3  to 
.4  cm,  indicating  the  weapons  were  adequately  aeroed  for  that  range 
(i.e.,  within  the  one  click  teroing  criterion).  Figure  5  includes 
an  illustration  of  the  placement  of  rounds  on  the  pistol  target  for 
seme  weapons.  The  outline  of  an  "E"  type  silhouette  is  also  shown 
to  give  an  indication  of  where  the  rounds  would  have  struck  on  sil¬ 
houette  targets. 

An  additional  finding  was  that  point  of  aim  and  point  of  impact 
of  the  bullet  coincided  at  25  m  when  the  long  range  rear  sight  was 
utilised.  The  data  in  Table  3  show  that  vertical  displacement  errors 
were  negligible  with  the  use  of  the  long  range  sight.  Mote  that  this 
measurement  was  taken  from  the  point  of  aim  on  the  ARI  target  (Appen¬ 
dix  B)  and  not  the  center  of  the  seroing  circle.  Use  of  the  long 
range  sight,  therefore,  appears  to  effectively  move  the  point  of 
impact  up  2.4  cm  at  25  m.  Figure  5  includes  zero  targets  that  were 
fired  utilizing  the  long  range  sight. 

DISCUSSION 

The  objective  of  this  test  was  to  determine  whether  the  use  of 
the  ARI  target  at  25  m  with  the  regular  sight  adequately  seroed  the 
weapon  for  250  m  BSZ.  This  was  found  to  be  the  case.  But  the  con¬ 
sideration  influencing  the  test  cf  the  long  range  sight  at  25  m  was 
to  determine  whether,  functionally,  point  of  aim  can  be  made  to  coin¬ 
cide  with  point  of  impact  at  25  a. 

The  bottom  curve  on  the  sketch  below  shows  the  trajectory  produced 
when  the  rifle  is  zeroed  for  250  m  using  the  regular  sight  -  2.4  cm 
low  at  25  m  and  the  same  as  line  of  Bight  at  42  and  250  m.  When  the 
regular  sight  is  zeroed  for  250  m,  the  long  range  sight  is  automatically 
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zeroed  for  appioximately  375  m.  Therefore,  flipping  up  the  long 
range  sight  afte*-  the  rifle  has  been  zeroed  using  normal  procedures 
will  result  in  the  trajectory  represented  by  the  top  curve  on  the 
sketch  -  with  point  of  aim  and  bullet  strike  being  approximately 
the  same  at  25  m  and  375  m.  Thus,  a  purpose  of  this  test  was  to 
verify  that  the  use  of  the  long  range  sight  results  in  point  of 
aim  coinciding  with  point  of  impact  at  25  m.  The  data  supported 
the  supposition  that  the  two  points  are  functionally  the  same. 

The  training  implication  is  obvious.  The  confusion  a  trainee 
may  experience  'when  his  or  her  bullets  do  not  strike  the  point  of 
aim  at  25  m  (regular  sight)  can  be  eliminated  through  the  simple 
expedient  of  zeroing  with  the  long  rcnge  sight.  Whether  zeroing 
to  point  of  aim  with  the  long  range  sight  at  25  m  results  in  a 
250  m  BSZ  with  the  regular  sight  was  investigated  further  in 
Test  3. 

Finally,  an  incidental  finding  during  the  zeroing  phase  was 
that  adjustments  of  six  or  lass  clicks  of  windage  and  elevation 
moved  the  center  of  the  shot  groups  more  than  the  prescribed  7  m 
per  click.  As  cam  be  seen  in  Appendix  F,  movements  of  shot  groups 
greater  than  6  clicks  moved  the  shot  groups  approximately  7  ram  per 
click,  as  contrasted  to  approximately  11  mm  per  click  with  smaller 
changes.  These  findings  are  merely  suggestive  due  to  the  limited 
number  of  observations.  A  possible  explanation  is  that  aiming 
error  and  rifle  movement  within  the  cradle  account  for  only  a 
small  proportion  of  the  total  shot  group  to  shot  group  distance 
observed  after  sight  changes  of  many  clicks .  But  the  same  amount 
of  variability  captures  a  much  larger  proportion  of  the  movement 
associated  with  slight  changes  of  a  few  clicks.  Some  future  sys¬ 
tematic  sampling  of  sight  changes  and  resultant  shot  group  move¬ 
ments  may  not  only  verify  the  above  finding,  but  may  also  result 
in  am  estimation  of  the  magnitude  of  sighting  errors  and  mechanical 
variability  inherent  in  sighc  changes. 
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25m  250m  25m  (LR)' 


Figure  5:  Zero  Procedure  Targets  (Cradle).  Targets  at  left 
reflect  regular  25  m  zero.  Center  targets  shuv* 
bullet  strikes  at  25C  m.  Targets  at  right  v  ere 
engaged  using  the  Long  Range  Srght* . 
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TEST  3:  ZEROING  WITH  THE  LONG  RANGE  SIGHT 


The  objective  of  Test  3  was  to  examine  the  feasibility  of  zeroing 
with  the  long  range  sight  and  a  scaled  silhouette  target  to  obtain  a 
250  m  battle  sight  zero. 

PROCEDURE 

Data  were  obtained  from  both  cradle  firings  and  two  experienced 
firers.  All  the  procedural  details  of  the  cradle  firings  in  Test  2 
were  followed  with  the  following  exception.  Each  of  the  six  rifles 
was  zeroed,  using  the  long  range  sight,  on  a  silhouette  target  scaled 
such  that  the  perceived  size  and  shape  of  the  silhouette  when  viewed 
at  a  25  m  viewer-to-target  distance  was  equivalent  to  the  perceived 
size  and  shape  of  an  "E"  type  silhouette  viewed  at  250  m  viewer-to- 
target  distance.  Point  of  aim  was  a  judgmental  center  of  mass.  An 
example  of  the  zero  target  is  included  as  Appendix  g. 

Once  the  weapon  was  zeroed  to  within  1  click  of  elevation  and 
windage  of  center  of  mass,  the  regular  sight  was  rotated  up  and  a 
five  round  shot  group  fired  at  an  "E"  type  silhouette  target  mounted 
at  250  m.  The  250  m  target  Vras  then  removed  and  an  ARX  target  placed 
at  25  m.  Using  the  regular  sight,  a  five  round  shot  group  was  fired 
while  aiming  at  the  bottom  of  the  Canadian  bull. 

The  same  sequence  of  events — long  range  sight-silhouette  target 
zero,  250  and  25  m  zero  confirmations  with  the  regular  sight — was 
followed  by  the  same  firers  from  Test  1.  Each  fired  the  six  weapons 
from  a  supported  position. 

RESULTS 

To  evaluate  whether  the  zeroing  process  with  the  long  range  sight- 
scaled  silhouette  combination  resulted  in  a  250  m  BSZ,  mean  vertical 
displacement  of  shot  groups  at  250  ra  was  contrasted  to  the  theoretical 
value  of  0  cm  (i.e.,  no  displacement  of  shot  group  centers  from  point 
of  aim).  For  the  six  weapons,  the  mean  vertical  displacement  of  the 
cradle  test  was  not  a  statistically  significant  departure  (1:  <  1) ,  nor 
were  the  shot  groups  of  the  two  firers  (for  both,  _t  <  1).  Therefore, 
the  statistical  analysis  indicates  the  group  of  rifles  was  adequately 
zeroed.  The  data  are  summarized  in  Table  4.  Individual  firing  data  are 
included  at  Appendix  H.  a  sample  of  bullet  hits  at  250  meters  is  illas- 
,tratad  in  Figure  6. 
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TABLE  4 


Mean  Shot  Group  Size  and  Mean  Vertical  and  Horizontal 
Displacement  of  Shot  Groups  for  Test  3 


Firer 

Range 

Type 

of  Sight 

Type 

of  Target 

Cradle 

25  m 

Long  Range 

Silhouette 

Firer  1 

25  m 

Long  Range 

Silhouette 

Firer  2 

25  m 

Long  Range 

Silhouette 

Cradle 

250  m 

Regular 

Silhouette 

Firer  1 

250  m 

Regular 

Silhouette 

Firer  2 

250  m 

Regular 

Silhouette 

Cradle 

25  m 

Regular 

AM 

Firer  1 

25  m 

Regular 

ARI 

Mrer  2 

25  m 

Regular 

ARI 

Mean  Shot 

Mean  Shot  Group  Displacement 

Group  Size 

Vertical 

Horizontal 

2.33 

+  .08 

.00 

{1. 06) 

(.69) 

(.95) 

3.02 

.22 

+  .53 

(1.17) 

(1.27) 

(.76) 

2.22 

+  .15 

+  .58 

(.70) 

(1.04) 

(.41) 

22.75 

(7.60) 

.55 

(9.34) 

-  1.72 

(10.30) 

26.22 

(9.74) 

- 

2.40 

(9.90) 

+  6.33 

(15.18) 

40.42 

(11.61) 

.13 

(11.71) 

+  .77 

(16.06) 

3.13 

(1.48) 

+ 

1.13 

(1.43) 

+  .47 

(.82) 

2.68 

(.93) 

+ 

1.05 

(1.13) 

+  .58 

(.76) 

4.55 

(3.05) 

+ 

1.20 

(1.19) 

.75 

(.91) 

Note:  All  tabled  values,  except  range,  are  in  centimeters.  Displacement  below 
intended  point  of  impact  is  denoted  by  Displacement  left  of  intended 
point  of  impact  is  denoted  by  Numbers  in  parentheses  are  standard 
deviations. 
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An  additional  consideration  was  whether  point  of  aim  functionally 
coincides  with  point  of  impact  when  the  lone;  range  sight  is  used  at 
25  at.  Analysis  of  this  expectation  based  on  theoretical  trajectory 
calculations  was  accomplished  with  data  from  the  silhouette  firings. 
First,  to  determine  the  center  of  mass  of  the  silhouette  target,  the 
longitudinal  axis  that  bisects  the  horizontal  axes  of  the  figure  was 
determined.  The  point  on  that  line  42%  of  the  distance  from  the  bottom 
of  the  figure  was  chosen  as  the  center  of  mass.  This  point  was  regard¬ 
ed  as  locating  the  center  of  mass  at  a  point  giving  approximately  an 
Xs3  ratio  of  head  mass  to  body  mass.  Centers  of  shot  groups  were  meas¬ 
ured  horizontally  and  vertically  from  that  point. 

Cradle  and  hand-held  firings  did  not  result  in  a  significant  ver¬ 
tical  departure  of  shot  group  centers  from  center  of  silhouette  mass 
for  the  cradle  test  (t  <  1)  or  either  Firer  1  or  Firer  2  (t  <  1  and 
t  ■  2.26,  df  -  5,  two-tailed  £  >  .05,  respectively) .  No  significant 
horizontal  departures  were  detected  for  the  cradle  firings  (£  <  1) 
or  Firer  1  (t  “  1.71,  df  ■  5,  two-tailed  £  >  .05)  or  Firer  2  (t  =  1.84, 
df  -  5,  two-tailed  £  >  .05) .  Under  the  assumption  that  the  judgmental 
center  of  mass  during  the  live  fire  tests  is  the  same  as  the  center  of 
mass  as  defined  above,  the  data  support  the  notion  that  point  of  aim 
is  functionally  equivalent  to  point  of  impact  at  25  m  with  the  use  of 
the  long  range  sight. 

To  detect  whether  some  unanticipated  error  might  have  been  intro¬ 
duced  with  the  long  range  sight,  a  final  firing  on  the  ARI  target  with 
the  regular  sight  was  conducted.  No  significant  vertical  departure  of 
shot  groups  was  found  for  cradle  data  (1:  <  1),  Firer  1  (t_  *  1.94,  df  ■>  5, 
two-tailed  £  >  .05) ,  or  Firer  2  (£  ■  2.50,  «  5,  two-tailed  £  >  .05) . 

DISCUSSION 

One  hypothesis  addressed  by  the  data  is  whether  the  point  of  aim 
functionally  coincides  with  point  of  impact  when  the  long  range  sight 
is  used  to  fire  at  25  m  targets.  The  qualifier  "functionally"  is  used 
because  of  the  variability  of  the  shot  groups  about  the  intended  point 
of  impact.  While  the  theoretical  calculation  places  the  strike  of  the 
bullet  1.5  mm  above  point  of  aim  at  25  m  (by  implication,  the  strike 
of  the  bullet  at  25  m  when  the  long  range  sight  is  used  and  after  the 
regular  sight  has  been  zeroed  for  250  m) ,  the  standard  deviation  of 
shot  group  displacement  about  intended  point  of  impact  exceeded  1.5  mm. 
Thus,  the  level  of  precision  necessary  to  test  the  theoretical  value  was 
not  attained  in  this  series  of  live  fire  tests.  Therefore,  it  was 
assumed  as  a  practical  matter  that  point  of  aim  functionally  coincided 
with  point  of  impact.  With  this  limitation,  the  data  supported  the 
hypothesis. 
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The  second  hypothesis,  that  the  zeroing  process  utilizing  a 
silhouette  target  and  the  long  range  sight  at  25  m  yields  a  2S0  ro 
BSZ,  was  supported.  A  secondary  finding  was  that  the  weapons  sub¬ 
sequently  fired  well-placed  shot  groups  on  a  standard  25  m  target 
with  the  regular  sight  in  place.  These  findings  are  encouraging, 
since  bullets  striking  where  the  weapon  is  aimed  is  conceptually 
less  confusing  to  a  trainee.  An  additional  observation  was  that 
expert  firers  appear  to  use  the  same  point  of  aim  on  the  unmarked 
silhouette  targets.  Whether  naive  firers  could  be  so  consistent 
was  examined  in  Test  8. 

Regardless  of  the  target  type  used,  utilizing  the  long  range 
sight  effectively  moves  the  strike  of  the  bullet  up  2.4  cm  at  25  m, 
and  this  is  done  by  a  simple  rotation  of  the  rear  sight  with  no 
deleterious  effect  on  the  250  m  BSZ. 
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TEST  4:  TRAJECTORY 


the  objective  of  Test  4  was  to  obtain  trajectory  information 
from  weapons  seroed  for  250  meters. 

PROCEDURE 

All  weapons  were  fired  from  the  cradle  during  all  phases  of  this 
test.  The  weapons  were  reseroed  using  the  same  personnel  and  procedure 
as  in  Test  2.  Once  the  weapon  was  zeroed,  50  yard  pistol  targets  were 
engaged  at  ranges  of  250,  150,  and  300  meters  in  that  order.  Only  one 
target  was  engaged  at  a  time,  which  necessitated  cradle  adjustments  to 
realine  the  sights  and  target.  The  only  subsequent  sight  changes  were 
for  250  meters  when  required  to  obtain  an  adequate  shot  group  eleva¬ 
tion.  After  shot  groups  at  range  were  obtained,  zerc  was  reconfirmed 
at  25  meters  with  an  AR1  target  (Appendix  B) .  Wind  measurements  were 
made  at  one  location  downrange.  However,  the  configuration  of  Parks 
Range  indicated  a  single  measurement  point  could  not  adequately  repre¬ 
sent  the  wind  current  patterns  acting  on  the  bullet  path.  As  a  result, 
no  corrections  for  the  effects  of  the  wind  on  bullets  were  made. 

RESULTS 

The  data  from  the  six  test  weapons  (Table  5)  indicated  that  at 
150  m  (approximately  the  maximum  ordinate  of  the  trajectory  for  250  sn 
BSZ)  the  centers  of  shot  groups  averaged  4.87  era  (1.9  in)  above  line 
of  sight  and  at  300  m  shot  group  centers  were  below  line  of  sight  by 
a  mean  value  of  19.38  cm  (7.6  in).  The  nine  rifle  sample  yielded  a 
mean  value  of  4.88  cm  (1.9  in)  above  line  of  sight  for  shot  groups 
at  150  m  range  and  a  mean  value  of  17.01  cm  (6.7  in)  below  line  of 
sight  for  shot  groups  at  300  m. 

Since  averagii.g  trajectory  ordinates  for  the  six  rifle  sample^ 
resulted  in  lower  values,  albeit  statistically  nonsignificant,  than 
the  theoretical  ordinates  at  150  m  and  300  m,  the  data  were  also  inter¬ 
preted  in  terms  of  hit  probability.  This  was  accomplished  by  measuring 
the  radial  distance  of  the  center  of  each  bullet  hole  from  the  point 
of  aim  at  150  m,  250  m,  and  300  m.  Data  for  25C  m  targets  from  Test  2 
were  also  included.  Figure  7  shows  the  distribution  of  the  bullet  dis¬ 
tances  by  range.  The  distributions  are  similarly  shaped  for  150  and 
250  «n  ranges,  with  the  exception  that  16%  more  bullets  were  at  or  ex¬ 
ceeded  25  cm  of  displacement  at  250  m  than  at  150  m.  The  distribution 
of  bullet  holes  at  300  m  is  severely  skewed  to  the  left  and  shows  50% 
of  bullet  holes  were  at  or  beyond  25  cm  from  the  point  of  aim. 
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TABLE  5 


Mean  Shot  Group  Sire  and  Mean  Vertical  and  Horizontal  Displacement 
of  Center  of  Shot  Groups  for  Test  4 


Sample 

Size 

Range 

Mean  Shot 
Group  Size 

Mean  Shot  Group  Displacement 
Vertical  .  Horizontal 

25m 

2.83 

+  .12 

-  .45 

(1.10) 

( o82) 

(.52) 

150m 

17.40 

+  4.87 

+  3.50 

(8.04) 

(3.95) 

(7.30) 

6 

250m 

32.50 

-  .53 

-  1.13 

(14.51) 

(4.62) 

(11.57) 

300m 

31.07 

-19.38 

+  1.15 

(10.15) 

(9.97) 

(15.46) 

25m 

3.02 

+  .23 

+  .62 

(1.80) 

(1.40) 

(.93) 

25m 

2.97 

-  .20 

.26 

(1.13) 

(.83) 

(.60) 

150m 

18.71 

+  4.88 

♦  1.98 

(7.12) 

(4.14) 

(6.22) 

9 

250m 

31.17 

-  .99 

.48 

(12.86) 

(5.83) 

(9.47) 

300m 

30.67 

-17.01 

-  2.51 

(12.99) 

(8.95) 

(13.61) 

25m 

2.98 

+  .14 

+  .32 

(1.45) 

(1.16) 

(1.10) 

Note:  All  tabled  values,  except  range,  are  in  centimeters.  Dis¬ 
placement  below  line  of  sight  is  denoted  by  Displacement 
left  of  line  of  sight  is  denoted  by  Humber a  in  parentheses 
are  standard  deviations. 
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of  Aim  to  Center  of  Bullet  Hole 


TABLE  6 


Percentage  of 
and  Percentages  of 


Bullets  Off  a  Silhouette  Target 
Bullets  Above  and  Below  Point  of  Aim 


%  of  Bullets 
Range  Off  Target 

150  m  0 

250  m  5 

300  m  21 


*  of  Bullets 
Above  Point  of  Aim 

72 

50 

7 


%  of  Bullets 
Below  Point  of  Aim 

28 

50 

93 


These  data  were  interpreted  iu  terms  of  the  percentage  of  bullets 
which  wculd  have  hit  an  "E'“  type  silhouette  placed  at  the  three  ranges 
considered.  These  percentages  are  shown  in  Table  6  above.  The  ability 
of  bullets  to  score  a  silhouette  target  hit  was  clearly  reduced  at 
300  m»  all  mioses  were  off  the  bottom  of  the  target,  low  left,  or  low 
right,  which  is  consistent  with  the  finding  that  93%  of  the  bullets 
struck  the  lower  half  of  the  target  at  that  range.  In  contrast,  only 
5%  of  bullets  were  silhouette  target  misses  at  250  m.  Bullet  strikes, 
moreover,  were  equally  split  above  and  below  point  of  aim.  While  no 
misses  were  scored  for  the  150  m  range,  72%  of  the  rounds  struck  above 
the  point  of  aim.  Both  the  position  of  shot  groups  and  the  number  of 
hits  at  the  three  ranges  are  shown  for  some  weapons  in  Figure  8. 

Taken  together,  then,  the  trajectory  data  show  that  the  average 
■trike  of  the  bullet  is  above  point  of  aim  at  150  m,  but  not  signifi¬ 
cantly  below  the  theoretical  ordinate.  The  smaller  obtained  mean  tra¬ 
jectory  ordinate  was  not  due  to  a  large  number  of  rounds  hitting  abnor¬ 
mally  low.  At  250  m  the  coincidence  of  point  of  aim  and  point  of  impact 
was  consistent  with  an  equal  distribution  of  shots  above  and  below  the 
point  of  aim.  At  300  m  the  majority  of  bullets  were  striking  low,  as 
expected,  but  on  the  average  lower  than  the  theoretical  value  for  the 
ordinate.  The  variability  of  the  shot  group  centers  contributed  to  a 
finding  that  this  displacement  was  not  statistically  significantly 
lower;  however,  21%  of  the  rounds  would  have  missed  an  "E"  type  silhouette 
target  had  it  been  substituted  for  the  pistol  target. 
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Fiqure  8:  Tra¬ 
jectory  Targets 
(Cradle) .  Bullet 
strikes  at  150, 
250,  and  300  m 
for  rifles  zeroed 
for  250  m.  Note 
that  the  bullets 
are  generally 
high  at  150, 

6n  at  250,  and 
low  at  300  m, 
and  that  Weapon 
51  is  totally 
erratic . 


DISCUSSION 


The  results  of  Test  4  may  be  considered  from  two  perspectives. 

As  sample  data  from  the  population  of  M-16A1  rifles,  the  sample  of 
six  addresses  the  question  of  whether  the  rise  and  fall  of  the 
bullet  trajectory  as  determined  empirically  coincides  with  the  theo¬ 
retical  ordinates  above  and  below  the  line  of  sight  for  the  ranges 
examined.  In  this  respect,  the  data  generated  in  Test  4  did  not 
evidence  values  so  discrepant  so  as  to  challenge  the  theoretical 
values.  One  implication  of  the  sampling  process  is  that  other  sam¬ 
ples  of  the  same  size  could  yield  ordinate  values  coinciding  with 
the  theoretical  values. 


But  the  data  may  be  considered  from  a  practical  point  of  view. 
That  is,  given  that  the  six  rifles  were  adequately  zeroed,  what  is 
an  aiming  point  rule-of-thumb  for  engaging  targets  at  range?  This 
question  is  related  to  the  raw  data  provided  in  Appendix  H.  Of  the 
five  weapons  firing  low  at  150  m,  three  also  fired  low  at  300  m. 

The  sixth  weapon  fired  somewhat  high  at  150  m,  but  decidedly  low 
at  300  m.  Given  Army  training  target  sizes  at  150  m  and  300  m,  u 
center  of  mass  aiming  point  is  adequate  for  150  m.  Put  at  300  m, 
a  center  of  mass  aiming  point  may  yield  a  low  probability  of  target 
hit  because  of  bullets  hitting  low  and  off  the  target.  For  this 
sample,  then,  a  higher  than  center  of  mass  or  shoulder  hold  might 
be  the  best  choice  of  aiming  point  for  300  m  targets.  Given  the 
variability  of  shot  group  placement  at  300  m  with  this  representa¬ 
tive  sample,  a  higher  point  of  aim  is  indicated  for  all  weapons. 
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TEST  5:  RIMF1RE  ADAPTERS 


The  objective  of  Test  5  was  to  compare  the  firing  cf  service 
ammunition  with  the  firing  of  .22  caliber  long  rifle  ammunition 
utilizing  the  rimfire  adapter. 

PROCEDURE 

Five  rimfire  adapters,  obtained  from  the  current  version  in 
use  by  the  basic  Training  Committee  Group,  Fort  Jackson,  South 
Carolina,  were  tested.  Data  were  obtained  with  three  procedures. 

The  first  was  to  randomly  choose  one  rimfire  adapter  and  place  it 
in  each  of  the  six  test  weapons  and  three  spares.  The  second  pro¬ 
cedure  was  to  randomly  choose  rifles  and  rimfire  adapters  and  fire 
from  the  cradle  or  a  supported,  hand-held  position.  Thirteen  rifle/ 
rimfire  adapter  combinations  were  fired,  only  three  of  which  were 
from  both  the  cradle  and  hand-held  position.  See  Appendix  J  for 
the  combinations  tested.  The  third  procedure  was  to  fire  all  rim¬ 
fire  adapters  through  a  Modified  M-16  as  described  below.  The  same 
experienced  individual  fired  all  hand-held  shot  groups. 

For  the  six  cradle  firings,  the  rifle  was  placed  in  the  cradle 
and  settled  as  in  Test  2.  Ten  rounds  were  fired  with  5.56  mm  ball 
ammunition  at  an  AR1  target  at  25  m.  The  weapon  was  loosened  from 
the  cradle,  the  standard  bolt  removed,  and  the  rimfire  adapter  in¬ 
serted.  The.  cradle  was  retightened,  a  magazine  containing  .22 
caliber  long  rifle  ammunition  fed  into  the  weapon,  and  the  weapon 
reaimed.  A  ten  round  shot  group  was  then  fired  at.  an  ARI  25  m 
target.  Selection  of  weapon  and  rimfire  adapter  was  randomized 
with  replacement  (i.e.,  a  rifle  or  rimfire  adapter  could  have  been 
tested  more  than  once) . 

Random  selection  with  replacement  was  used  to  select  seven  com¬ 
binations  of  rifles  and  rimfire  adapters  for  hand-held  firing.  A 
ten  round  shot  group  was  fired  with  5. >6  mm  ammunition,  followed  by 
a  shot  group  of  ten  .22  caliber  rounds.  In  addition,  the  full  sample 
of  nine  weapons  was  fired  with  the  same  rimfire  adapter}  ten  rounds 
of  .22  caliber  and  5.56  ram  ammunition  were  fired  from  each  weapon. 
These  data  were  obtained  from  a  supported,  hand-held  position. 

To  provide  a  comparison  of  performance  of  standard  rounds  with 
rimfire  rounds  when  precise  aiming  point  could  be  assured,  a  Modified 
M-16  with  a  telescopic  sight  was  employed.  The  Modified  M-16  was  ob¬ 
tained  from  the  Army  Marksmanship  Unit  and  reportedly  had  been  fired 
infrequently.  Each  rimfire  adapter  was  used  in  the  weapon  to  fire  a 
ten  round  shot  group.  The  zero  of  the  weapon  was  confirmed  with  20 
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rounds  of  5,56  mm  ammunition.  A  10  round  shot  group  was  fired  at  the 
midpoint  of,  and  one  shot  group  at  the  conclusion  of,  the  sequence 
of  five  rimfire  adapter  firings. 

Mo  attempt  was  made  to  zero  the  test  weapons  with  the  ball  or 
.22  caliber  ammunition.  All  .22  caliber  ammunition  used  was  manu¬ 
factured  by  Remington  (Lot  No-  C-28-E3) . 

RESULTS  AND  DISCUSSION 

Regardless  of  the  rifle/rimf ire  adapter  combination  or  the  manner 
in  which  the  weapon  was  secured,  the  mean  shot  group  size  with  rimfire 
adapters  was  considerably  larger  than  with  standard  military  ammunition. 
The  statistical  test  of  this  difference  is  most  appropriate  for  the 
data  from  the  sample  of  nine  weapons  utilizing  the  same  rimfire  adapter 
(Hand-held— -Full  Sample) .  A  i>test  between  mean  shot  group  sizes  re¬ 
sulted  in  a  finding  of  statistically  significant  difference,  t  =  2.82, 
df  ■  8,  one-tailed  £  <  .025.  For  the  other  samples  and  the  Modified 
M-16,  the  difference  is  consistently  in  the  same  direction  as  shown  in 
Table  7. 


Since  an  objective  of  the  test  was  not  to  zero  the  weapons  with 
each  type  of  ammunition,  exact  evaluations  of  vertical  and  horizontal 
displacements  are  not  considered.  However,  inspection  of  Table  7  shows 
that  the  variability  of  shot  groups  vertically  was  at  least  twice  as 
large  for  .22  caliber  rounds  as  it  was  for  5.56  mm  rounds  for  the  three 
test  groups  and  the  Modified  M-16. 

The  results  of  this  test  of  the  rimfire  adapter  indicate  that  shot 
groups  are  larger  and  are  more  variable  about  their  intended  point  of 
target  impact  than  groups  fired  with  standard  Army  ammunition .  More¬ 
over,  shot  groups  of  5.56  mm  ammunition  generally  did  not  overlap  with 
shot  groups  fired  with  .22  caliber  ammunition  and  rimfire  adapter.  As 
shown  in  Figure  11,  a  weapon  judged  to  be  zeroed  with  5.56  m  ammuni¬ 
tion  might  not  be  zeroed  when  fired  with  the  rimfire  adapter.  If  rounds 
are  required  to  fall  within  a  4.0  cm  circle  during  the  zeroing  process, 
the  data  indicate  a  relatively  pew  weapon  with  reduced  aiming  error 
(Modified  M-16)  and  most  of  the  sample  of  nine  test  weapons  would  have 
difficulty  meeting  that  criterion  with  .22  caliber  ammunition. 

These  findings,  together  with  the  fact  that  frequent  weapon  mal¬ 
functions  occurred  with  the  rimfire  adapter  in  place,  indicate  that  for 
novice  firers,  tho  rimfire  adapter  is  a  source  of  increased  weapon  per¬ 
formance  variability. 

To  allow  the  reader  to  appreciate  more  fully  the  apparent  differ¬ 
ence  in  performance  and  the  variability  with  different  rifle/rimf ire 
combinations ,  several  targets  are  presented  in  Figures  9,  10,  and  11. 
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Note:  Means  and  standard  deviations  sure  in  centimeters.  Displacement  below  intended  point  of 
impact  is  denoted  by  -.  Displacement  left  of  intended  point  of  impact  is  denoted  by 
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Figure  10:  Rimfire  Adapter  (RFA)  #46  used  in  several  weapons  (Hand  held) .  Note 
the  difference  in  performance  as  RFA  46  is  used  in  different  weapons 
high  in  Weapon  9,  low  in  Weapon  17,  and  firing  consistently 
with  5.56  when  used  in  Weapon  57. 


TEST  5: 


EFFECTS  OF  BARREL  STRESS 


The  objective  of  Test  6  was  to  evaluate  rifle  performance  with 
various  sources  of  external  stress  placed  on  the  weapon. 

PROCEDURE 

The  six  test  weapons  were  fired  at  25  m  ARI  targets  by  an  exper¬ 
ienced  rifleman.  All  weapons  were  zeroed  by  the  firer  prior  to  the 
weapons  being  positioned  with  the  following  types  of  stress: 

Hasty  Sling.  As  prescribed  in  the  United  States  Marine  Corps 
FMFM  1-3,  Basic  Rifle  Marksmanship,  the  web  sling  keeper  was  unfasten¬ 
ed  and  moved  to  approximately  15  cm  from  the  upper  sling  swivel.  The 
sling  was  then  loosened  through  the  keeper.  The  sling  was  given  a 
half  twist  and  tightened  as  the  left  arm  engaged  the  sling  and  the 
left  hand  supported  the  handguard. 

loop  Sling.  As  prescribed  in  FMFM  1-3,  the  sling  was  unhooked 
from  the  rear  sling  swivel.  The  loose  sling  was  fed  through  the 
buckle  to  form  a  loop.  The  loop  was  given  a  half  turn,  the  firer 
inserted  the  left  am  through  the  loop  and  positioned  the  loop  on 
the  left  biceps.  When  necessary,  the  keeper  at  the  muzzle  end  of 
the  rifle  was  loosened  and  the  sling  tightened  further.  The  left  arm 
was  placed  over  the  sling  and  under  the  rifle  so  that  the  hand  was 
under  the  handguard  with  the  sling  tightly  securing  the  hand. 

Bipod  Support  and  Downward  Pressure.  A  "clothespin"  M3  bipod 
was  attached  to  the  barrel  directly  beneath  the  front  sight  between 
the  bayonet  lug  and  upper  sling  swivel.  The  butt  of  the  rifle  was 
placed  on  the  right  shoulder,  and  the  left  hand  placed  on  the  top  of 
the  handguard  forward  of  the  carrying  handle.  Moderate  pressure  was 
exerted  downward  on  the  handguard. 

Bipod  Supported  Prone  Position.  Hie  bipod  and  sling  were  used  to 
control  the  weapon  as  described  in  the  Army  FM  23-9,  M-16A1  Rifle  and 
Rifle  Marksmanship.  The  bipod  was  attached  to  the  weapon  as  des¬ 
cribed  above.  The  sling  was  loosened  so  that  a  loop  could  be  formed 
at  the  upper  sling  swivel.  The  rifle  butt  was  placed  against  the  right 
shoulder.  The  left  hand  was  placed  in  the  loop,  and  moderate  pressure 
exerted  downward  and  to  the  rear. 
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Rearward  Pressure  on  Front  Handguard .  The  only  exception  to 
the  customary  support  of  the  weapon  was  to  exert  moderate  rearward 
pressure  on  the  handguard  with  the  left  hand. 

For  four  of  the  exercises,  the  firer  sat  at  a  table  in  an  open 
area  and  placed  the  front  support  (bipod  or  left  arm)  of  the  weapon 
on  the  table.  The  rear  of  the  rifle  was  placed  against  the  right 
shoulder.  The  standard  prone  position  was  used  for  the  bipod  sup¬ 
ported  prone  position.  Five  round  shot  groups  were  fired  at  ARI 
targets  placed  at  25  m. 

RESULTS  AND  DISCUSSION 

The  objective  of  the  test  was  to  measure  the  amount  of  movement 
of  rounds  as  a  result  of  force  applied  to  the  rifle.  The  target 
coordinates  of  the  center  of  the  zero  shot  group  for  each  weapon 
served  as  the  reference  point  about  which  displacements  of  subse¬ 
quent  shot  group  centers  were  measured  for  that  weapon.  The  size 
of  the  shot  group  and  vertical  and  horizontal  displacements  of  shot 
group  centers  about  the  reference  point  were  determined  in  accord¬ 
ance  with  the  procedure  detailed  in  Test  2. 

The  results  are  summarized  in  Table  8.  Without  exception,  the 
hasty  sling  and  loop  sling  configurations  resulted  in  considerable 
movement  of  rounds  below  weapon  zero.  Rearward  and  downward  pressure 
to  the  sling  from  the  bipod  support  and  prone  position  evidenced  less 
deflection  downward  of  rounds,  probably  due  to  the  horizontal  compo¬ 
nent  to  the  stress.  Moderate  rearward  (horizontal)  pressure  to  the 
handguard  did  not  appear  to  result  in  a  consistent  effect  in  the  ver¬ 
tical  plane. 

The  expectation  was  that  the  forces  applied  to  the  rifle  would 
affect  rounds  more  in  the  vertical  plane  than  the  horizontal.  This 
was  borne  out  by  the  data,  which  indicato  the  magnitude  of  displace¬ 
ment  (and  the  standard  deviations)  are  of  lesser  magnitude  for  hori¬ 
zontal  error.  The  data  do  indicate  a  bias  of  rounds  to  the  right, 
perhaps  due  more  to  firer  characteristics  than  to  rifle  character¬ 
istics.  The  effects  of  stress  on  the  zero  of  the  M-16  axe  shown  in 
Figure  12. 

This  test  clearly  indicates  that  any  form  of  stress  placed  on  tho 
forward  portion  of  the  rifle  will  have  a  major  influence  on  the  strike 
of  the  bullet.  Therefore,  all  firing  positions  should  be  reviewed  to 
insure  that  minimum  stress  is  placed  on  the  barrel  during  firing. 
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TABLE  8 


Effects  on  Placement  of  Shot  Groups  of  Six  Sources  of  Stress 

to  the  Rifle 


Mean  Displacement8 


Source  of  Stress 

Above 

Below 

Left 

Right 

1 

Hasty  Sling  ' 

M 

5.10 

M 

.53 
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S= 
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M 
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1.67 

SD 
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SD 

SB 

1.00 

ri 
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n 

3 

n 

K 

3 
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M 
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M 

.81 

M 

at 

3.24 
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SD 

at 

2.77 
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as 

0 

SD 

* 
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SD 

S3 
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n 

* 

6 

n 

* 

4 

n 
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2 

Bipod :  Prone/ 

M 

2.89 

M 

,s 

1.78 

M 

ar 

1.44 
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n 

- 

0 

SD 

- 

2.26 

SD 

33 

o 

CD 

• 

SD 

as 

.85 
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ms 

6 

n 

m 

4 

n 

as 

2 

Rearward  pressure 

M 

.67 

M 

= 

1.32 

M 

m 

1.22 

M 

M 

.58 

on  front  hand— 

SD 

.28 

SD 

■ 

.37 

SD 

■ 

.59 

SD 
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.38 

guard 

n 

« 

3 

n 

■s 

3 

n 

2 

n 

* 

4 

Note:  All  means  and  standard  deviations  are  in  centimeters. 

a Displacement  is  measured  from  coordinates  of  center  of  zero  shot  group 
for  each  weapon. 
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Figure  12:  Rifle  Stress  (Hand  held).  The  left  targets  show  the  normal 
zero,  the  center  targets  were  fired  with  a  hasty  sling,  and  the  targets 
at  right  were  fired  with  a  bipod  attached  and  downward  pressure  applied 
with  the  left  hand  forward  of  the  carrying  handle.  Note  that  the  differ¬ 
ence  in  bullet  strike  at  300  m  would  be  two  to  four  feet. 
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TEST  7:  FIRER  ERROR 


The  objective  of  Test  7  was  to  evaluate  the  effect  of  various 
types  of  firer  errors  on  the  placement  of  shot  groups  on  25  m  targets. 

PROCEDURE 

The  same  experienced  rifleman  was  enlisted  to  perform  all  the 
following  procedures.  The  firings  were  accomplished  in  an  open  area 
with  the  firer  sitting  at  a  table.  Two  sandbags  aided  in  supporting 
the  front  of  the  weapon.  Single  ARI  targets  were  engaged  at  25  m 
with  shot  groups  of  5.56  tan  ball  ammunition.  With  the  exception  of 
the  misalinement  exercise,  all  six  weapons  were  used  in  each  of  the 
following  procedures t 

Eye  Relief. 

o  Eye  Directly  Behind  Peep  Sight.  The  firer’ s  right  eye 
was  placed  as  close  to  the  rear  peep  sight  as  possible 
(too  close  to  be  a  practical  stock  weld) . 

o  Nose  Over  Charging  Handle.  The  charging  handle  was 
placed  beneath  the  nose  so  that  the  rear  of  the  handle 
was  touching  the  upper  lip. 

o  Tip  of  Nose  on  Charging  Handle. 

o  Nose  Behind  Charging  Handle.  The  tip  of  the  firer' s  nose 
was  placed  5  cm  behind  the  charging  handle. 

o  Face  Halfway  Between  Peep  Sight  and  Butt  of  the  Weapon. 

This  position  was  regarded  as  defining  the  maximum 
placement  of  the  head  behind  the  peep  sight  (too  far 
back  to  be  a  practical  stock  weld) . 

Cant  Left.  The  weapon  was  positioned  so  that  the  angle  between 
the  front  sight  post  and  the  vertical  was  between  25  and  30°.  The 
weapon  was  tilted  to  the  left  from  the  firer' s  perspective. 

Cant  Right.  The  weapon  was  tilted  to  the  firer' s  right  so  that 
the  angle  between  the  front  sight  post  and  the  vertical  was  in  the 
range  of  25  to  30'- . 

Breathing,  Jerking,  and  Flinching.  The  firer  was  instructed  to 
breath  during  aiming  and  firing,  anticipate  the  discharge  of  the 
round,  and  pull  the  trigger  with  an  abrupt  movement. 
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Misalinement.  This  exercise  was  conducted  with  weapon  numbers 
9  and  35  placed  in  the  cradle.  The  weapons  test  expert  and  an  exper¬ 
ienced  firer  wisalined  the  front  and  rear  sight  so  that  (a)  the  front 
sight  post  appeared  to  be  placed  one-quarter  of  the  distance  from 
center  toward  the  12,  3,  6,  and  9  o’clock  points  of  the  peep  sight 
aperture  (i.e.,  minimal  misalinement)  and  (b)  the  front  sight  post 
was  moved  from  center  toward  the  12,  3,  6,  and  9  o'clock  points  of 
the  peep  sight  aperture  to  the  degree  that  it  virtually  disappeared 
from  view  (maximal  misalinement) . 

RESULTS 

The  first  five  procedures  introduced  various  degrees  of  eye  relief, 
most  of  which  were  exaggerations  of  the  eye  relief  differences  likely 
to  occur  with  the  M-16A1.  Targets  from  each  of  the  five  positions 
fired  by  three  weapons  sure  presented  in  Figure  13  and  the  data  are 
presented  in  Table  9.  Since  the  movement  of  the  eye  from  the  peep 
sight  towards  the  butt  did  not  occur  in  equal  increments,  the  data  are 
not  amenable  to  statistical  analysis  to  reveal  reliable  trends.  Since 
the  shot  group  sizes  of  Weapon  51  were  markedly  larger  for  Test  7  than 
those  of  earlier  tesits,  summary  statistics  of  the  rifle  sample  minus 
the  Weapon  51  data  are  presented  in  Table  9.  For  the  purpose  of  com¬ 
parisons,  shot  group  sizes  of  the  full  six  rifle  sample  are  also  included. 

Using  the  data  from  the  exercise  with  the  tip  of  the  nose  on  the 
charging  handle  as  ths  standard,  mean  shot  group  size  was  not  adversely 
affected  in  any  of  the  other  four  positions.  Comparisons  of  data  from 
these  other  positions  to  the  standard  exercise  revealed  no  systematic 
variation  in  horizontal  or  vertical  placement  of  centers  of  shot  groups. 
Aside  from  some  variability  in  the  size  and  position  of  shot  groups 
introduced  by  the  awkwardness  of  some  firing  positions,  progressive 
changes  of  eye  relief  did  not  result  ii)  a  deterioration  of  performance. 

Canting  the  weapon  to  the  left  resulted  in  a  small  increase  in  shot 
group  size  when  contrasted  to  the  standard  firing  position,  but  a  slight 
decrease  for  cant  right.  Sample  targets  are  shown  at  Figure  14. 

The  severe  tilt  of  the  weapon  was  expected  to  move  rounds  in  the 
direction  opposite  the  tilt.  When  the  horizontal  displacements  were 
adjusted  for  horizontal  displacement  obtained  with  the  standard  firing 
position,  the  mean  displacement  with  cant  left  was  .98  cm  towards  the 
right  and  with  cant  right  .90  cm  to  the  left.  The  data  reveal  displace¬ 
ment  was  generally  limited  to  a  fraction  over  one  click  error  with  ab¬ 
normally  severe  tilts  of  the  weapon.  Vertical  displacement  was  below 
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TABLE  9 


Mean  Shot  Group  Site  and  Mean  Vertical  and  Horizontal  Displacement  of 
Shot  Group  Centers  with  Various  Firer  Errors 


Mean  Shot  Group 

Six  Rifle  Five  Rifle  Displacement*- 

Firer  Error  Shot  Group  Size  Shot  Group  Size1  Vertical  Horizontal 


Eye  directly  behind 

M  » 

3.38 

M 

BE 

2.56 

M  « 

+  .82 

M 

“ 

-1.52 

peep  sight 

SD  « 

2.16 

SD 

W* 

.85 

SD  » 

.58 

SD 

a 

3.49 

Nose  over  charging 

M  - 

4.48 

M 

TB 

2.88 

M  - 

+  .80 

M 

a 

+  .22 

handle 

SD  » 

3.69 

SD 

WJ 

1.05 

SD  - 

.95 

SD 

“ 

.78 

Tip  of  nose  on 

M  - 

3.27 

M 

a 

3.14 

M  « 

+  .63 

M 

BE 

+  .15 

charging  handle 

SD  - 

1.15 

SD 

■ 

1.39 

SD  - 

.58 

SD 

m 

.72 

Nose  5  cm  behind 

M  - 

2.53 

M 

ZB 

2.24 

M  - 

-  .22 

M 

m 

+  .25 

charging  handle 

SD  « 

.92 

SD 

m 

.80 

SD  « 

.94 

SD 

* 

.73 

Face  halfway  back 

M  * 

4.20 

M 

a 

2.74 

M  = 

+  .79 

M 

a 

+1.44 

on  stock 

SD  - 

3.35 

SD 

m 

.91 

SD  - 

1.08 

SD 

a 

.84 

Cant  left 

M  = 

4.22 

M 

m 

3.24 

M  ■» 

-  .01 

M 

sz 

+1.13 

SD  ■ 

2.12 

SD 

* 

.39 

SD  « 

.80 

SD 

* 

.38 

Cant  right 

M  *• 

4.05 

M 

a 

2.80 

M  - 

-  .03 

M 

a 

-  .75 

SD  * 

2.81 

SD 

a 

.28 

SD  - 

.89 

SD 

a 

.90 

Breathing,  jerking, 

M  - 

8.83 

M 

a 

6.56 

M  - 

-  .01 

M 

a 

-  .11 

aud  flinching 

SD  “ 

5.46 

SD 

a 

2.07 

SD  “ 

1.92 

SD 

- 

.64 

Note.  All  tabled  values  are  in  centimeters.  Displacement  below  center  of 
zeroing  circle  is  denoted  by  Displacement  left  of  center  of  zeroing  circle 
is  denoted  by 

■^Six  rifle  sample  with  Weapon  51  data  removed. 
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CANT  LEFT  CANT  RIGHT 


Figure  14*.  Cant  Loft  and  Right  (Hand  held).  The  above 

sight  picture  reflects  the  severe  cant  of  the 
weapon  for  these  firings.  The  sight  picture 
shown  is  for  cant  left. 
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th*t  of  the  standard  position  for  both  cant  laft  and  right  in  amounts 
equivalent  to  ona  click. 

Table  10  contains  the  data  obtained  from  Weapons  9  and  35  under 
conditions  of  mini  awl  and  maximal  ■dsalinemwat  of  the  front  and  rear 
sights.  The  targets  from  these  firings  are  showr  at  Figure  15.  The 
effects  of  misalinement  of  the  front  sight  post  from  center  towards 
the  upper  and  lower  extremes  of  the  rear  sight  aperture  were  expected 
to  be  reflected  vertically  in  the  placement  of  shot  groups.  The  shot 
groups  placement  was  adjusted  on  the  basis  of  the  coordinate «  of  the 
zero  of  each  weapon  fired  with  normal  sight  alinaseent.  The  results 
indicated  approximately  I  cm  of  movement  above  zero  when  the  front 
sight  was  moved  upward  one-quarter  of  the  aperture  center-tc-edge 
distance.  Likewise,  1  cm  of  displacement  downward  of  the  shot  group 
center  resulted  from  lowering  the  front  sight  post  one-quarter  of  the 
aperture  center-to-edge  distance. 

The  vertical  displacements  of  the  shot  groups  increased  as  the 
front  sight  post  was  moved  up  or  down  in  the  aperture  field  to  the 
maximum  extent .  The  observers  reported  that  the  sight  post  nearly 
disappeared  from  sight  in  this  condition.  The  effect  of  shot  group 
placement  (zero  adjusted)  was  on  the  order  of  1.9  cm  for  upward  mis- 
alinement  and  4.8  cm  for  downward  misalinement.  The  reason  for  this 
large  difference  in  shot  group  displacement  between  upward  and  down¬ 
ward  misalinement  is  not  known. 

One-quarter  lateral  movement  to  truss  left  of  the  front  sight  shifted 
the  shot  groups  left  by  approximately  1  cm,  as  contrasted  to  less  than 
one-half  that  amount  of  right  displacement  for  front  sight  movement  to 
the  right.  Maximal  misalinement  left  and  right  resulted  in  4.6  cm  left 
displacement  and  5.8  cm  right  displacement,  respectively,  of  shot  group 
centers . 

The  misalinement  data  indicate  a  small  movement  off  center  of  the 
front  sight  post  yields  shot  group  misplacement  on  25  m  targets  generally 
in  the  range  of  1  to  2  clicks.  Maximal  misalinement  increases  the  dis¬ 
placement  to  the  range  of  6  to  9  clicks.  It  is  unlikely  that  even  a 
novica  firer  would  misaline  sights  much  more  than  the  one-quarter  error 
used  in  the  test,  because  part  of  the  aperture  begins  to  darken  when 
more  error  than  this  is  made. 

Finally,  the  results  of  introduced  breathing,  flinching,  and  jerk¬ 
ing  the  trigger  are  most  apparent  in  the  effects  of  shot  group  sine. 

Not  only  did  mean  shot  group  sizes  increase  by  a  factor  of  2,  but  vari¬ 
ability  in  shot  group  size  also  increased  vhen  compared  to  the  shot 
group  fired  from  the  conventional,  well-controlled  position. 
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Displacement  of  center  of  shot  group  from  zero  (no  aisalineisent)  for  each  rifle.  Displace 
below  zero  is  denoted  by  Displactoent  left  of  zero  is  denoted  by 
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DISCUSSION 


The  importance  of  obtaining  the  same  eye  relief  for  the  firing 
of  each  round  receives  emphasis  during  basic  marksmanship  training. 
Given  the  absence  of  any  mathematical  computations  that  determine 
the  expected  differences  in  placement  of  shots  as  a  result  of  dif¬ 
ferent  degrees  of  eye  relief,  the  six  weapons  were  fired  with  five 
different  eye  reliefs  to  determine  if  an  obvious  and  predictable 
pattern  would  emerge.  A  review  of  the  top  row  of  targets  of  Figure 
13  appears  to  indicate  that  a  definite  pattern  is  being  established 
for  the  different  eye  relief  positions;  however,  subsequent  firings 
failed  to  support  any  uniform  variability  that  can  be  related  to 
eye  relief.  The  increased  shot  group  sise  and  outlying  shots  could 
have  been  caused  by  the  unfamiliar  firing  position.  Therefore,  given 
the  normal  variability  in  shot  group  placement  expected  as  different 
targets  are  engaged  and  the  extreme  difference  in  the  five  eye  relief 
positions  used,  eye  relief  does  not  appear  to  be  a  factor  that  has 
major  influence  on  the  placement  of  bullets.  It  appears  reasonable 
to  conclude  that  obtaining  exactly  the  same  degree  of  eye  relief 
should  not  be  a  primary  requirement  of  marksmanship  fundamentals 
training. 

Canting  the  rifle  while  firing  did  move  the  strike  of  the  bullet 
in.  the  expected  direction.  However,  the  relatively  small  movement 
resulting  from  severe  cant  indicates  that  normal  weapon  aant  would 
not  be  a  major  degradation  to  accurate  shooting.  This  conclusion 
is  illustrated  by  referring  to  the  targets  reproduced  in  Figure  14. 

As  is  the  case  with  differences  in  eye  relief,  trainers  need  not 
emphasize  that  the  rifle  be  maintained  in  a  perfectly  vertical 
orientation  until  more  basic  fundamentals  are  mastered. 

Correct  sight  alinement  probably  receives  sore  emphasis  than  any 
other  factor  during  basic  marksmanship  instruction.  The  sight  aline¬ 
ment  portion  of  this  firing  test  was  conducted  because  theoretical 
computations  indicate  that  sight  alinement  error  should  affect  bullet 
8 trike  much  less  than  most  charts  and  sketches  indicate.  The  Army 
Shot  Group  Analysis  Card  (GTA  21-1-4)  contained  in  Chapter  3  of 
FM  23-9,  M-16A1  Rifles  and  Rifle  Marksmanship,  uses  a  sketch  that 
indicates  one-quarter  misalinement  of  sights  will  result  in  missing 
the  center  of  a  silhouette  target  at  300  m  by  50  in.  Given  the  sight 
picture  depicted  on  the  analysis  card,  a  simple  computation  shows  that 
the  bullet  should  miss  target  center  by  only  6  in,  which  nevertheless 
is  a  hit  at  300  m. 
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The  sight  alinement  test  results  give  a  strong  indication  that, 
with  one-quarter  sight  misal inament,  the  error  at  300  m  may  well  be 
less  than  the  value  of  6  in.  The  largest  errors  of  shot  group  place¬ 
ment  at  25  m,  under  conditions  of  minimal  sight  miaalinement  (see 
Table  10),  multiplied  by  a  factor  of  12  (300  m  divided  by  25  m) , 
yields  an  expected  error  of  6  in  at  300  m.  But  most  errors  at  25  m 
were  considerably  smaller  with  an  average  of  .38  cm.  This  computes 
to  an  expected  error  of  1.8  in  (4.56  cm)  at  300  m.  The  miaalinement 
data,  therefore,  provides  clear  empirical  justification  for  question¬ 
ing  the  validity  of  the  sight  alinement  information  portrayed  on  the 
shot  group  analysis  card.  A  further  implication  is  that  sight  mis- 
alinement  may  be  less  of  a  source  of  firer  error  than  currently  per¬ 
ceived  by  trainers. 

The  intent  of  the  latter  portion  of  this  test,  reported  as  breath¬ 
ing,  jerking,  and  flinching,  was  to  introduce  various  errors  into  the 
firing  process  that  would  result  in  the  creation  of  shot  groups  de¬ 
picted  on  the  shot  group  analysis  card.  As  discussed  above,  the  sight 
alinement  errors  depicted  are  not  valid.  The  point  of  aim  errors 
were  easy  to  represent  in  shot  groups,  except  straight  lines  (as 
depicted  on  the  shot  group  analysis  card)  could  not  be  created  for 
vertical  or  horizontal  groups.  Breathing  errors  alone  could  not  be 
created  without  an  obvious  violation  of  aiming  point,  trigger  control, 
or  both.  Since  most  shot  groups  could  not  be  created  in  preliminary 
firings,  and  since  these  firings  did  not  yield  a  productive  outline 
for  the  introduction  and  objective  evaluation  of  various  errors  in 
the  firing  process,  all  weapons  were  fired  with  instruction  given  to 
the  firer  not  to  control  breathing,  to  jerk  the  trigger,  and  flinch 
with  the  firing  of  each  round.  No  discernable  pattern  was  established. 

The  fact  that  the  errors  shown  on  the  shot  group  analysis  card  could 
not  be  created  by  a  deliberate  effort  of  the  firer  has  a  serious  impli¬ 
cation.  If  a  direct  cause-effect  relationship  can  not  be  demonstrated 
between  a  suspected  firer  error  and  the  resultant  shot  group  configura¬ 
tion,  than  the  use  of  the  shot  group  analysis  card  for  diagnostic  pur¬ 
poses  is  of  questionable  value.  Further  research  is  indicated  to  in¬ 
vestigate  whether  the  concept  of  shot  group  analysis  is  useful  for 
diagnostic  purposes. 
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TEST  8:  TRAINEE  FIRINGS 


The  Objective  of  Test  8  was  to  evaluate  the  affects  of  trigger 
full  and  target  type  on  the  firing  performance  of  trainees. 

FIWCKLURE 

Ten  trainees  were  detailed  for  the  purpose  of  this  test  from  an 
Infantry  AIT  Company  at  Fort  Banning ,  Georgia.  The  trainees  had 
completed  their  basic  rifle  marksmanship  training  with  the  follow¬ 
ing  marksmanship  qualifications*  two  were  experts,  three  sharp¬ 
shooters,  and  five  marksmen.  Target  firing  was  accomplished  on  a 
25  m  seroing  range  with  the  trainees  firing  from  a  foxhole,  support¬ 
ed  position.  The  trainees  engaged  both  an  ARI  target  and  the  scaled 
silhouette  target  (Appendix  G)  with  three  rounds  from  each  weapon. 

Order  of  firing  constituted  a  Latin  square  design,  but  the  data  were 
incomplete  due  to  a  weapon  malfunction  which  could  not  be  repaired 
on  site.  Silhouette  targets  were  engaged  with  the  long  range  sight 
rotated  into  view.  The  trainees  were  instructed  to  engage  the  sil¬ 
houettes  by  aiming  center  of  mass  and  to  use  the  Canadian  bull  in  the 
conventional  manner. 

RESULTS 

Mean  shot  group  size  was  3.55  cm  on  ARI  targets  and  3.60  cm  on 
the  silhouette  targets.  Neither  this  difference  (t  <  1)  nor  the 
correlation  between  shot  group  sizes  (r  *  -.22)  was  statistically 
significant  at  the  .05  level.  The  statistics  report  comparisons 
made  among  mean  shot  group  sizes  collapsed  across  weapons  for  each 
firer.  These  results  indicate  that  the  trainees,  as  a  group,  fired 
equally  well  at  each  target  type.  Individually,  howevor,  some  trainees 
fired  tighter  shot  groups  at  the  ARI  target  and  others  at  the  silhouette 
target. 

Since  the  weapons  were  approximately  zeroed  from  previous  tests 
and  were  not  individually  zeroed  by  each  trainee,  moan  horizontal  and 
vertical  displacements  across  weapons  and  trainees  are  not  meaningful 
statistics.  However,  using  the  same  anticipated  point  of  impact  on 
the  two  targets  as  established  for  Test  3,  potential  differences  in 
the  placement  of  shot  groups  on  each  target  could  be  evaluated  (assum¬ 
ing  firers  biases  are  consistent) . 

The  trainees  evidenced  considerable  consistency  in  vertical  place¬ 
ment  of  the  center  of  shot  groups  as  revealed  by  a  significant  positive 
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correlation,  £  ■  +.57,  one-tailed  £  <  .05.  Only  under  the  condi¬ 
tion  that  the  trainees  had  been  aiming  much  higher  than  center  of 
mass  would  the  correlation  have  been  negative;  that  the  correla¬ 
tion  was  positive  and  of  moderate  magnitude  indicates  the  trainees 
aiming  point  on  the  silhouette  target  was  approximately  the  center 
of  mass  used  in  scoring.  The  correlation  of  horizontal  displace¬ 
ments  was  somewhat  larger,  r  ■  +.81,  one-tailed  £  <  .005,  indicat¬ 
ing  less  sighting  error  in  the  left-right  dimension.  This  is  to 
be  expected  since  the  edge  of  the  silhouette  target  offers  a  defi¬ 
nite  reference  point  for  horizontal  adjustments  of  aiming  point. 
Therefore,  the  consistent  placement  of  shots  leads  to  the  conclusion 
that  the  long  range  sight /silhouette  target  combination  does  not 
adversely  affect  the  firing  performance  of  relatively  inexperienced 
f irers . 

The  data  also  revealed  that  trigger  pull  was  not  related  to 
performance  as  measured  by  mean  shot  group  size.  The  correlation 
between  mean  shot  group  size  per  weapon  (averaged  across  trainees) 
and  trigger  pull  was  £  *  .07,  £  >  .05  (ARI  target)  and  £  ■  .03, 

£>  .05  (silhouette  target;.  Inexperienced  f irers,  therefore,  were 
not  influenced  by  differences  in  trigger  pull  of  the  sample  of  wea¬ 
pons.  In  other  words,  the  resistance  of  the  trigger  per  se  is  not 
related  to  performance  differences  with  relatively  inexperienced 
firers  when  firing  from  foxhole  supported  positions. 

DISCUSSION 

The  results  of  this  test  address  questions  raised  in  Tests  1  and 
3.  In  Test  1,  trigger  pull  waa  found  not  to  correlate  with  shot  group 
size;  Test  3  demonstrated  the  feasibility  of  obtaining  a  250  m  BSZ 
with  the  scaled  silhouette/long  range  sight  combination  at  25  m.  In 
both  these  tests,  experienced  riflemen  fired  the  weapons.  If  the  re¬ 
sults  of  these  tests  are  to  be  used  in  marksmanship  training  program 
development,  then  the  results  should  be  validated  by  firers  from  the 
trainee  population.  The  critical  consideration  ie  whether  experienced 
riflemen  compensated  for  variations  in  trigger  pull  and  experienced 
less  ambiguity  in  establishing  an  aiming  point  on  a  scaled  silhouette. 
By  examining  these  possibilities  with  trainees,  the  expert  firer/inex- 
perienced  firer  dichotomy  was  demonstrated  to  be  unrelated  to  the  two 
variables  under  consideration.  Moreover,  the  scaled  silhouette/long 
range  sight  finding  attains  validity  in  having  been  obtained  with  a 
sample  from  the  population  that  might  receive  this  alternative  zeroing 
procedure . 
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TEST  9:  SHOOTING  QUALITY  AND  MAINTENANCE 


The  objective  of  Test  9  was  to  consolidate  findings  from  fore¬ 
going  tests  to  address  questions  of  rifle  shooting  quality  and  mainte- 
nance. 

PROCEDURE  AND  RESULTS 

The  data  on  shot  group  sise  at  25  *  obtained  in  cradle  firing 
during  Test a  1  through  4  were  plotted  in  Figure  16.  Hie  figure  pre¬ 
sents  data  on  each  of  the  six  test  weapons  and  reveals  that  three  of 
the  weapons  fired  remarkably  consistently  across  the  four  tests.  Of 
the  remaining  three  weapons.  Rifle  58  fired  progressively  larger  shot 
groups.  Rifle  41  fired  large  groups  on  one  test  day,  and  Pifle  51  fired 
a  sawtooth  pattern  oscillating  about  4.0  cm.  The  overall  means  and 
standard  deviations  of  shot  groups  of  this  data  are  listed  in  Table  11 
The  pattern  depicted  in  Figure  5  is  revealed  most  clearly  in  the  stand¬ 
ard  deviations  which  are  three  or  four  tines  larger  for  Rifles  41,  51, 
and  58,  than  for  Rifles  9,  11,  and  35.  Hie  Pearson  correlation  between 
the  mean  and  standard  deviation  is  r  *.92,  two-tailed  £  <  .01,  indi¬ 
cating  a  rifle  firing  larger  groups  will  evidence  more  variability  in 
shot  group  size  from  group  to  group. 


TABLE  11 


Means  and  Standard 

Deviations 

of 

25  m  Shot  Group  Size  for 

Tests  1  Through  4 

Rifle 

Mean  Shot 

Standard  Deviation 

Number 

Group  Size 

of  Shot  Group  Size 

9 

2.26 

.64 

11 

1.79 

.46 

35 

2.09 

.39 

41 

2.96 

1.60 

51 

5.62 

2.22 

58 

3.14 

1.41 

Note:  Means  and  standard  deviations  are  in  centimeters. 
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HMua  cradle  shot  group  sixes  of  six  test 
Tests  1  through  4. 


These  findings  can  be  used  to  provide  an  answer  to  a  problem  en¬ 
countered  during  Test  Is  that  is,  what  physical  measurement  or  firing 
characteristic  obtained  from  a  rifle  identifies  that  weapon  as  a  good 
or  bad  weapon?  Recall  that  no  standard  mechanical  measurement  differ¬ 
entiated  rifles  in  Test  1.  However,  the  initial  cradle  shot  group 
fired  in  Test  1  might  be  enlisted  to  predict  cradle  firing  performance 
over  some  future  period.  This  possibility  was  examined  by  using  the 
method  of  least  squares  to  obtain  a  function  relating  initial  shot 
group  size  (x)  to  the  mean  of  later  shot  group  sizes  (y)  observed  in 
Tests  2  through  4 .  The  straight  line  functions  are  shown  in  Figure 
17.  Since  the  data  are  linearly  related,  correlation  coefficients 
were  computed.  Initial  shot  group  size  correlated  positively  with 
mean  shot  group  size,  £  .84,  one-tailed  £  <  .025,  but  initial  shot 

group  size  did  not  correlate  with  the  standard  deviation  of  shot  group 
size  (£  *  .53,  £  >  .05).  Since  the  test  of  significance  for  a  zero 
order  correlation  is  equivalent  to  the  test  of  the  slope  of  the  best 
fit  linear  function,  the  conclusions  are  that  (a)  there  is  a  positive 
relationship  between  initial  shot  group  size  and  later  shot  group  size, 
and  (b)  in  principle,  initial  shot  group  size  can  be  used  as  a  predic¬ 
tor  of  shot  group  size,  but  not  the  variability  of  shot  group  size, 
obtained  later  in  time. 

These  findings  do  not  mean  that  the  specific  function  obtained  for 
these  data  can  be  applied  to  predict  performance  of  any  one  or  group  of 
M-16A1  rifles.  To  illustrate  this  point,  the  function  obtained  for  the 
cradle  firings  was  compared  to  the  function  derived  for  the  two  experi¬ 
enced  firers.  The  correlation  coefficients,  slope,  and  intercepts  are 
listed  in  Table  12 .  Note  that  Firer  1  showed  firing  performance  very 


TABLE  12 

Correlation  Coefficients  and  Slopes  and  Intercepts 

of  Regression  Equations  for  Cradle  and  Experienced  Firer  Data 

Correlation  Regression  Equation 

Firer  Coefficient 1  Slope  Intercept 


Cradle 

.84* 

.309 

2.099 

Firer  1 

.82* 

.371 

1.590 

Firer  2 

.95** 

1.623 

-2.210 

^-Correlation  between  Initial  shot  group  size  and  mean  of  sub¬ 
sequent  whot  group  size. 

*  p  <  .025,  one  tailed  test  **  £  <  .005,  one-taiied  test 
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Cradle  Function:  y  =  2.099  +  .309x 


Figure  17:  Prediction  functions  of  subsequent  25  m  shot  group  size  from  initial 
25  m  shot  group  size.  Ordinate  value  for  cradle  function  is  the  mean 
shot  group  size  for  Tests  2  through  4  and  for  Firer  1  is  the  mean  of 
Test  3  shot  group  size. 


similar  to  the  cradle t  the  other  flrer  fired  much  larger  shot  groups, 
and  therefore,  his  prediction  function  is  much  steeper.  The  key  point 
is  that,  in  ill  three  cases,  a  high  degree  of  prediction  accuracy  is 
demonstrated.  The  data  in  Table  12  demonstrate  that  a  single  predic¬ 
tion  function  is  not  obtained.  More  importantly,  regardless  of  indi¬ 
vidual  firer  characteristics,  it  is  possible  to  predict  later  shot 
group  size  of  a  rifle  from  initial  shot  group  size. 

To  observe  variation  in  rifle  performance  due  to  ammunition 
characteristics  was  not  part  of  the  initial  test  plan.  But  during 
the  early  phase  of  testing,  a  total  of  65  Federal,  .223  Remington, 

55  grain  soft  point  rounds  were  fired  from  the  test  weapons.  Shot 
group  size  was  maaaured  in  the  same  way  as  for  military  amnunition. 

Table  13  shows  the  results  of  this  comparison  of  commercial  ammuni¬ 
tion  and  military  ammunition  fired  during  the  same  period  of  time. 

Sample  targets  are  included  in  Figure  18.  Although  the  small  sample 
size  and  unsystematic  test  procedure  preclude  statistical  analysis, 
the  decrease  in  shot  group  size  and  variability  with  commercial  ammu¬ 
nition  is  iiqpressive  at  all  target  ranges  sampled.  The  results  with 
the  Modified  M-16  rifle  are  paradoxical,  in  that  no  improvement  or  an 
increase  in  shot  group  size  with  the  commercial  ammunition  was  obtain¬ 
ed.  But  for  the  remainder  of  the  weapons  sample,  the  shot  group  size 
decreased.  Most  dramatic  is  the  five-fold  decrease  of  shot  group  size 
for  Weapon  51,  which  was  the  poorest  performing  weapon  obtained  in 
the  original  san$>le  of  60  weapons. 

A  comparison  of  the  military  (Lot  LC-2-421)  and  commercial  ammuni¬ 
tion  (Lot  15A-8234)  indicated  that  the  variance  In  powder  weight  was 
about  the  same,  the  commercial,  ammunition  had  somewhat  less  variance 
in  bullet  weight  -  .4  grains  compared  to  .6  grains  for  the  military, 
and  the  variance  in  bullet  dimeter  was  about  the  same  -  .0002  for  the 
commercial  and  .0003  for  the  military;  however,  some  of  the  difference 
din  performance  may  be  accounted  for  by  the  relatively  larger  diameter 
of  the  commercial  ammunition  -  .2247  compared  to  .2241  for  the  military. 
The  muzzle  velocity  of  the  commercial  ammunition  was  approximately  100 
feet  per  second  less  than  the  military  ammunition. 

Replacing  the  standard  ball  in  the  military  ammunition  with  .224 
diameter  52  grain  hollowpoint  boattail  Sierra  bullets  did  not  make  a 
significant  difference  in  performance. 

Maintenance  was  not  a  formal  part  of  the  test,  but  accurate  records 
were  maintained  on  weapon  failures  and  major  malfunctions.  The  following 
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TABLE  13 


Shot  Group  Sizes  with  Standard  Military  5.56  mm 
Ammunition  and  Commercial  .223  cal  Ammunition 


Shot  Group  Size 


Rifle 

Military 

Commercial 

Range 

Ammunition 

Ammunition 

25  m 

51 

M  -  10.20 

3D  -  1.23 

n  “  3 

M  =  2.60 
SD  =  .50 

n  =  3 

25  m 

Other* 

M  -  3.23 

SD  *  .78 

n  ■  3 

M  =  1.63 
SD  =  .66 

ii  =  3 

100  m 

9 

13.50 

4.40 

11 

17.50 

12.00 

35 

6.60 

5.80 

Mod  M16 

4.80 

13.00 

125  m 

11 

9.80 

5.20 

35 

16.00 

5.20 

Mod  M16 

6.00 

6.00 

*  Weapons  from  the  initial  simple  of  59  which  were  not  included  in  subse¬ 
quent  tests. 

Note*  All  tabled  values,  except  range  are  in  centimeters. 
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Figure  18:  Commercial  Ammunition  (cradle,  top  three  - 
bottom  targets  hand  held*) .  Most  weapons  showed  a  marked 
improvement  in  performance  when  ammunition  purchased  from 
the  local  Post  Exchange  was  used. 
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direct/general  support  maintenance  deficiencies  were  observed  from 
the  sample  of  60  weapons: 

Weak  hammer  spring  -  1  weapon 

Trigger  pin  bent  1  weapon 

'Rear  sight  spring  missing  -  2  weapons 

The  following  malfunctions  occurred  while  firing  eight  rounds 
through  each  of  the  60  weapons: 

Double  feed  -  1  weapon 

Failure  to  feed  1  round  -  5  weapons 

Failure  to  feed  3  or  more  rounds  -  2  weapons 

Failure  to  extract  8  rounds  -  1  weapon 

Failure  to  eject  7  or  more  rounds  -  2  weapons 

Failure  to  fire  (hamner  spring)  -  1  weapon 

After  zeroing  the  nine  selected  weapons  under  "no  wind"  conditions, 
the  rear  sight  on  Weapon  17  was  halfway  to  the  left.  Weapons  9,  35, 
and  58  were  within  two  clicks  of  full  left  windage,  and  Weapons  11, 

51,  and  52  were  within  two  clicks  of  full  right  windage.  Thie  re~ 
fleets  improper  alinement  of  the  barrel  to  the  upper  receiver. 

Approximately  halfway  through  the  test,  the  sear  pin  was  lost  from 
Weapon  9.  The  sear  was  removed  and  the  weapon  was  fired  without  a  sear 
for  the  remainder  of  the  test.  During  the  last  fixing  exercise,  a 
part  was  lost  or  broken  that  removed  all  tension  from  the  selector 
lever  of  Weapon  11,  rendering  the  weapon  inoperable. 

To  insure  that  all  test  weapons  were  in  the  sama  relative  state  of 
cleanness,  it  was  decided  to  perform  no  weapons  cleaning  until  increased 
shot  group  size  or  an  increased  number  of  firing  malfunctions  Indicated 
that  weapons  deeming  was  necessary.  No  weapon'-,  deeming  was  performed 
during  the  test.  Over  a  period  of  five  weeks,  the  weapons  were  carried 
to  the  outdoor  range  facility  15  days,  fired  from  sandbag  support,  and 
exposed  to  normal  dust  and  grit.  During  this  period,  three  of  the  wea¬ 
pons  (9,  11,  and  35)  were  used  on  the  Infantry  kemoted  Target  System 
(IRETS)  range,  firing  approximately  200  rounds  each.  Some  minor  weapxsn 
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malfunctions  ware  experienced  during  tne  early  part  of  the  test; 
however,  for  the  last  150  to  175  rounds  fired  through  each  of  the 
nine  test  weapons,  not  a  single  malfunction  was  experienced  (except 
for  Weapon  11  discussed  above).  No  precise  comparison  of  shot  group 
sice  is  possible  since  the  initial  shot  groups  were  three  round 
groups  and  the  later  were  ten  round  groups.  However,  when  Weapons 
9,  11,  and  35  were  used  to  fire  the  targets  shown  in  Figure  11, 
each  weapon  had  fired  700  rounds  since  being  cleaned.  The  ten 
round  groups  average  2.4  cm  in  size,  indicating  that  no  major  de¬ 
terioration  of  weapons  performance  had  occurred. 

At  the  conclusion  of  tasting,  the  upper  receiver  was  replaced 
on  Weapon  51.  Eight  five-round  shot  groups  were  fired  from  a  hand 
held  position  on  a  25  m  range,  resulting  in  an  average  group  size 
of  2.15  cm.  Removing  four  outlying  rounds,  one  from  each  of  four 
shoe  groups,  resulted  in  eight  ahot  groups  (36  rounds)  with  an  aver¬ 
age  size  of  1.5  cm.  During  the  test  this  weapon  fired  a  mean  shot 
group  size  of  5.62  cm.  There  appears  to  be  little  doubt  that  the 
upper  receiver  was  the  problem;  however,  there  is  no  testing  pro¬ 
cedure  at  d.lrect/general  support  level  that  could  have  identified 
this  as  a  potential  problem.  Provided  with  information  that  the 
weapon  would  not  fire  an  acceptable  shot  group,  it  was  the  judgment 
of  maintenance  personnel  that  the  upper  receiver  of  the  barrel 
would  have  to  be  replaced.  The  upper  receiver  was  replaced,  using 
all  other  original  parts  from  the  weapon,  and  the  weapon  fired  eight 
good  shot  groups. 
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CONCLUSION 


ACCURACY 

An  underlying  reason  for  conducting  this  test  was  the  concern 
that  many  trainees  may  be  trying  to  qualify  with  weapons  not  capable 
of  hitting  targets  due  to  worn  barrels,  hard  triggers,  etc.  An 
additional  concern  was  the  use  of  a  5.2  cm  zeroing  circle  which 
does  not  insure  target  hits  at  300  meters.  A  4  cm  zeroing  criterion 
would  provide  for  theoretical  hits  out  to  300  m.  An  investigation 
of  the  organizational  and  direct  support  maintenance  procedures  at 
Army  Training  Center,  Fort  Jackson,  South  Carolina,  and  Fort  Benning, 
Georgia,  indicated  that  weapons  at  both  locations  received  compar¬ 
able  maintenance.  It  is  believed  that  the  sixty  weapons  selected 
for  testing  are  a  representative  sample  of  rifles  used  by  all  Army 
Training  Centers.  Fifty-eight  of  the  sixty  weapons  fired  a  three 
round  shot  group  that  would  fit  within  a  4  cm  circle.  Weapon  33 
fired  a  5.2  cm  group  from  the  cradle;  however,  subsequent  firings 
by  two  different  individuals  from  unsupported  positions  resulted 
in  a  3.3  cm  group  and  a  2.3  cm  group.  Weapon  51  fired  an  8.8  cm 
group  from  the  cradle,  and  6.7  and  7.9  cm  groups  from  unsupported 
positions.  This  weapon  was  selected  for  use  in  all  subsequent  test¬ 
ing  and  its  influence  on  overall  firing  data  should  be  recognized. 

The  following  conclusions  are  derived  from  the  accuracy  test: 

o  The  typical  M-16  rifle  issued  to  basic  trainees 
is  capable  of  firing  a  shot  group  size  of  2.1  cm. 

By  applying  correct  shooting  fundamentals,  this 
shot  group  can  be  adjusted  to  fall  within  a  4  cm 
circle. 

o  The  standard  serviceability  checks  will  identify 
unserviceable  weapons;  however,  these  checks  will 
not  identify  all  bad  weapons,  and  they  provide  no 
indication  of  rifle  shooting  quality.  Firing  shot 
groups  with  art  experienced  rifleman  is  the  only 
means  of  determining  the  shooting  quality  of  a 
weapon. 

ZERO  PROCEDURES 

Another  concern  was  that  the  zero  procedures  based  on  theoreti¬ 
cal  trajectory  curves  may  not  be  totally  applicable  to  the  typical 
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rifle  in  the  hands  of  the  trainee.  These  firings  confirmed  the 
general  accuracy  of  the  zeroing  procedure;  however,  it  was  found 
that  small  sight  adjustments  (less  them  6  clicks)  did  not  move  shot 
group  center  the  expected  .7  cm.  This  is  probably  due  to  the  ad¬ 
justments  being  smaller  than  the  combined  total  of  all  variables 
in  the  shooting  process.  As  a  consequence,  during  testing  several 
sight  change  decisions  were  made  based  on  previous  shot  groups  as 
opposed  to  information  provided  by  the  last  shot  group  alone.  The 
conclusions  from  this  test  are: 

o  Adjusting  sights  to  hit  2.4  cm  below  point  of  aim 
at  25  m  provides  for  2m  adequate  250  m  zero.  (Con¬ 
firmation  of  the  zero  at  250  m  would  improve  the 
zero  for  some  weapons.) 

o  For  small  sight  changes,  previous  shot  groups  fired 
should  be  given  as  much  consideration  as  the  last 
shot  group  in  determining  sight  changes  to  be  made. 

LONG  RANGE  SIGHT 

Throughout  the  research  effort  on  marksmanship,  the  complexity 
of  information  presented  to  the  trainee  has  been  of  concern.  It 
appears  that  some  confusion  could  be  eliminated  if  the  initial  fir¬ 
ings  were  conducted  so  that  bullet  impact  was  the  same  as  point  of 
aim.  Theoretical  information  indicates  that  adjusting  point  of  aim 
to  point  of  impact  at  25  m,  using  the  long  range  sight,  will  result 
in  an  acceptable  battle  sight  zero.  This  expectation  was  supported 
by  the  data  from  Test  3.  The  ability  to  hit  where  the  rifle  is  aimed 
has  an  important  training  implication .  The  role  of  the  25  m  range 
can  be  expanded  beyond  that  of  merely  providing  for  the  zeroing  of 
weapons.  Additional  exercises  can  be  developed  based  on  scaled  sil¬ 
houette  targets  which  are  designed  to  give  the  same  visual  percep¬ 
tion  when  viewed  at  25  m  as  an  actual  target  viewed  at  range.  The 
target  at  Appendix  N  was  developed  for  ucie  at  25  m,  using  the  long 
range  sight,  to  assist  in  the  transition  from  25  m  firing  to  field 
fire  targets.  The  target  at  Appendix  0  was  developed  as  a  timed 
fire  exercise  to  provide  practice  in  the  rapid  application  of  shoot¬ 
ing  fundamentals  prior  to  practice  record  fire.  The  results  frosi 
limited  field  testing  of  these  targets  indicate  that  their  use  in¬ 
creases  performance  on  record  fire.  The  zero  target  at  Appendix  P 
was  designed  to  eliminate  the  Canadian  bull  from  the  basic  marksman¬ 
ship  program.  Using  this  technique,  the  requirement  to  transition 
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from  the  Canadian  bull  to  silhouette  targets  would  be  eliminated. 

The  initial  field  testing  of  this  concept  did  not  show  an  improve¬ 
ment  in  record  fire  scores;  however,  additional  testing  is  required 
to  adequately  evaluate  the  concept.  The  following  conclusions  were 
reached i 

o  When  bullet  impact  is  adjusted  to  coincide  with  point 
of  aim  at  25  n,  using  the  long  range  sight,  an  adequate 
250  m  battle  sight  zero,  using  the  regular  sight, 
results . 

o  Using  the  scaled  silhouette  target  at  25  m  presents 
a  similar  visual  perception  as  that  of  the  natural 
target  viewed  at  range. 

o  Shot  group  size  does  not  deteriorate  when  a  scaled 
silhouette  target  is  used  in  lieu  of  a  Canadian  bull 
at  25  m. 

TRAJECTORY 

These  tests  indicate  that  the  typical  rifle  fires  close  to  the 
theoretical  trajectory  curve.  These  firings  indicate  that: 

o  The  theoretical  trajectory  information  is  accurate 
for  the  typical  rifle. 

o  An  aiming  point  somewhat  above  center  of  mass  is 
indicated  for  300  m  targets. 

RIMFIRE  ADAPTER 

Limited  firings  were  conducted  with  the  riraflre  adapters.  However, 
definite  trends  emerged.  Several  targets  are  presented  in  Figures  9, 
10,  and  11  to  assist  the  reader  in  evaluating  the  potential  of  rimfire 
adapters.  The  following  conclusions  are  derived  from  these  firings: 

o  The  weapon  malfunction  rate  increases  to  an  unaccept¬ 
able  level  when  rimfire  adapters  are  used.  (It  is 
understood  that  these  problems  are  being  corrected.) 

o  Using  the  rimfire  adapter  will  not  result  in  an  adequate 
weapon  zero. 
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o  Increased  shot  group  sice  will  result  from  using 
the  rimfire  adapter. 

o  The  rimfire  does  not  produce  the  noise  and  recoil 
of  service  ammunition  -  two  factors  trainees  must 
adjust  to  during  marksmanship  fundamentals  training. 

o  A  considerable  variability  exists  among  various  com¬ 
binations  of  rimfire  adapters  and  rifles.  It  appears 
that  an  exhaustive  trial  and  error  procedure  could 
be  utilised  to  match  rimfire  adapters  to  particular 
rifles  that  nay  provide  adequate  zeros  and  relatively 
small  shot  groups,  while  a  random  pairing  of  adapters 
and  rifles  results  in  unacceptable  performances  of 
rimfire  adapters. 

EFFECTS  OF  BARREL  STRESS 

The  relatively  light  barrel  on  the  M-16  is  subject:  to  distortion 
from  various  forms  of  external  stress.  The  data  of  Test  6  clearly 
indicate  that  any  pressure  applied  to  the  forward  portion  of  the 
rifle  will  have  some  influence  on  changing  the  strike  of  the  bullet. 
For  example,  the  difference  in  bullet  striko  between  using  a  hasty 
sling  and  using  a  bipod  may  be  ae  much  as  four  feet  at  300  m.  The 
following  conclusions  are  reached: 

o  Any  stress  placed  on  the  forward  portion  of  the  M-16 
will  influence  bullet  strike. 

o  The  M-16  must  be  zeroed  with  the  exact  pressures  to 
be  used  in  firings,  i.e.,  hasty  sling,  bipod,  etc. 

o  Stress  placed  on  the  forward  portion  of  the  M-16, 
in  any  form,  should  be  avoided. 


FIRER  ERROR 

The  relative  contribution  of  various  firer  errors  to  the  misplace¬ 
ment  of  bullets  on  the  target  is  very  important  in  the  teaching  of 
marksmanship  fundamentals.  This  test  included  numerous  firings  de¬ 
signed  to  determine  the  relative  worth  of  steady  hold  factors  and 
various  marksmanship  fundamentals;  however,  the  data  produced  were 
not  amenable  to  statistical  analysis  and  are  not  included  in  this 
report.  The  implications  of  these  data  are  addressed  in  a  subsequent 
report.  The  following  conclusions  are  derived  from  the  data  in  this 
report : 
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o  Sight  alinement  error  is  currently  given  toe 
much  emphasis.  It  is  probably  not  a  major  con¬ 
tributor  to  trainees  missing  targets. 

o  Rifle  cant,  while  having  some  influence  on  the 
impact  of  rounds,  is  not  a  major  contributor  to 
target  misses. 

o  Minor  changes  in  eye  relief  positions  have 
minimal  effect  on  bullet  strike. 

COMMERCIAL  AMMUNITION 

No  attempt  is  made  in  this  report  to  explain  the  improvement  in 
weapons  performance  by  switching  to  commercial  ammunition.  However, 
it  may  be  concluded  that: 

o  Some  changes  could  be  made  to  service  ammunition 
that  would  improve  weapons  performance. 
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APPENDIX  A 

AMMUNITION  INSPECTION  REPORV 
Lot  #LC-2-421 


APPENDIX  A 
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APPENDIX  B 

ARI  ZEROING  TARGET 
(Left  aide  cut  to  fit  3"  width) 
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APPENDIX  B 


ARI  25  METER  ZEROING  TARGET 
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APPENDIX  D 


FIFTY  YARD  STANDARD  AMERICAN  PISTOL  TARGET 


(Used  in  Tests  2  and  4) 


(21  Inchttt) 


APPENDIX  E 
Test  2  Data 


Mote:  All  tabled  values  are  in  centimeters 
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APPENDIX  F 


Movement  of  Center  of  Shot  Group  as  a  Function  of 
Number  of  Clicks  Elevation  and  Windage 
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APPENDIX  G 


SCALED  SILHOUETTE  TARGET 


(This  target,  scaled  to  represent  an 
"E"  type  silhouette  At  250  m  when  viewed 
front  25  in,  is  shown  actual  size.) 


i 

Note i  This  plain  silhouette  target  was 
used  in  this  test)  however,  a  silhouette 
was  superimposed  on  the  new  ARI  Zeroing 
Target  (see  Appendix  P)  for  field  testing. 


APPENDIX  K 
Test  3  Data 
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below  Intended  point  of  impact  is  denoted  by 
Displacement  left  of  intended  point  of  impact  is 
denoted  by 


(Continued) 


84 


Note:  All  tabled  values  are  in  centimeters 
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Note:  All  tabled  values  are  in  centimeters.  Displacement  below  zero  coordinates  denoted  by  Displacement 
left  of  zero  coordinates  denoted  by 
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Note:  All  tabled  values  are  in  centimeters .  Displacement  below  intended  point  of  impact  is  denoted  by 
Displacement  left  of  intended  point  of  impact  is  denoted  by 


Note:  All  tabled  values  are  in  centimeters.  Displacement  below  zero  coordinates  denoted  by  Displacement 
left  of  zero  coordinates  denoted  by 


APPENDIX  M 
Test  8  Data 

TRAINEE  FIRING  -  SHOT  GROCJP  SIZE 


(Continued) 


APPENDIX  M 

Test  8  Data  (Continued) 


m  cameo  values  are  m  centimeters.  Windage  is  number  before  /  sign,  and  elevation  is  number  after 
/  sign.  Displacement  below  intended  point  of  impact  is  denoted  by  Displacement  left  of  intended 
point  of  impact  is  denoted  by  ARI  =  ARI  target  (Appendix  B)  SIL  =  silhouette  target  (Appendix  F) 


APPENDIX  N 


SCALED  SILHOUETTE  TARGET 


(This  target  has  been  reduced  in  size 
from  18  x  24  inches  to  8  x  10-1/2  inches.) 


91 


i.  -T-,  azaEtancss  ■« 


II  lUIJHI.IIJ  M 


XPPEHDIX  O 

TIMED  FIRE  SCALED  SILHOUETTE  TARGET 

(This  target  has  been  reduced  In  else 
free  18  x  24  inches  to  8  x  10-1/2  inches.) 
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APPENDIX  P 

25  M  SILHOUETTE  ZEROING  TARGET 


(The  left  side  of  thle  target  has 
been  cut  to  fit  8"  width.) 
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